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Prodrug Linker 

Field 



5 The present invention is directed to pol3TOeric prodrugs haAdng tempor-ar}' linkages to 
amino groups of biologically active entities such as peptides^ proteins, natural 
products or synthetic chemical compounds. 

Background 

10 

Typically, poisoners are either used in a non-covalent fashion, with th& drug 
compound physicochemically formulated into a solvent-polymer mixture, or by 
permanent covalent attachment of a polNmer reagent to one of the drug's functional 
groups. 

15 

Non-covalent drug encapsulation has been applied to depot formulatioxis for long- 
acting release profiles. Typically, drug is mixed with polymer material and processed 
in such fashion, that the drug becomes distributed throughout the bulk polymer 
material. Such polymer-protein aggregates may be shaped as microparticles vi^hich are 

20 administered as an injectable suspension or they are fonnulated as gels which are 

administered in a single bolus injection. Drug release occurs when the poljoner swells 
or degradation of the polymer allows for diffusion of the drug to the octerior. Such 
degradation processes may be autohydrolytic or enzyme-catalyzed. An example for a 
marketed dmg based on bolus administration of a drug-pol>rmer gel is Lupron Depot. 

25 An example for a marketed drug based on suspended inicroparticles is Nutropin 
Depot. 

A disadvantage of the non-co^^alent approach is that in order to prevemt uncontrolled, 
burst-type release of the drug, encapsulation has to be highly efficient by creating a 
30 sterically highly crowded environment. Restraining the diffusion of arx unbound, 
water soluble drug molecule requires strong van der Waals contacts, firequently 
mediated through hydrophobic moieties. Man}' conformational! y sensitive 
therapeutics such as proteins or peptides are rendered dysfunctional dmring the 
encapsulation process and/or during subsequent storage. In addition, sxich amino- 
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containing drug compounds readily undergo side reactions v^'ith polymer degradation 
products (D.K. Lee et aL, J. Contr. Rel., 2003, 92, 291-299). Furthsnnore, dependence 
of the release mechanism upon biodegradation may cause interpatient variability. 

5 Alternatively^ drugs may be conjugated to polymers through permanent covalent 
bonds. This approach is apphed to various classes of molecules, from so-called small 
molecules, through natural products up to larger proteins. 

Many small molecule medicinal agents, like alkaloids and anti-tumor agents, shov^' 
iO low soiubiliiy in aqueous fluids. One way to solubilize these small molecule 

compounds is to conjugate them to hydrophilic polymers. A variety of water-soluble 
polymers, such as human serum albumin, dextran, lectins, poly(ethylene glycol) 
(PEG), pol5<styrene-co-maleic anhydride), poIy(N-hydroxypropylmethacr>4amide), 
poly(divinyl ether-co-maleic anhydride), hyaluronic acid have been described for this 
1 5 purpose (R. Duncan, Nature Rev. Drug Disc, 2003, 2, 347-360). 

A major challenge in cancer therapy is to selectively target cj^otoxic agents to tumor 
cells. A promising method to accumulate small molecule anticancer agents in tumor 
tissue and decrease undesirable side effects of these agents is the attachment of the 
20 cj'totoxin to a macromolecular carrier. The passive targeting of poljoneric drug 

conjugates to tumors is based on the so-called enhanced penneabilitj^ and retention 
effect (EPR) as described by Matsumura, Y. and Maeda, H., in Cancer Res., 1986, vol 
6, pp 6387-6392. As a result, several polymer-drug conjugates have entered clinical 
trial as anticancer agents. 

25 

Covalent modification of biological molecules with polj^ethylene glycol) has been 
extensively studied since the late 1970s. So-called PEGylated proteins have shown 
improved therapeutic efficacy by increasing solubilit}', reducing immunogenicit\% and 
increasing circulation half-live in vivo due to reduced renal clearance and proteolysis 
30 by enz>'mes (see, for example, CaUceti P., Veronese F.M., Adv. Drug Deliv. Rev. 
2003, 55, 1261-1277). 

However, manj' medicinal agents such as INFalfa2, saquinavir or somatostatin are 
inactive or show decreased biological activity when a polymer is covalently 
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conjugated to the drug molecule (T. Peleg-Shulman et al.. J. Med. Chem.. 2004. 47, 
4897-4904). 

In order to a^'oid shortcomings imposed by either non-covalent polymer mixtures or 
5 permanent covalent attachment it may be preferable to employ a prodrug approach 
for chemical conjugation of drug to polymer carrier. In such polj'meric prodrugs, the 
biologically active moieties are t)T3ically linked to the polymeric carrier moiet}' by a 
temporary bond formed betv^^een the carrier moiet}' and a hydroxy, amino or carboxy 
group of the drug molecule (such as is shown in Fig. 1). 

jO 

Prodrugs are therapeutic agents that are almost inactive per se but are predictably 
transformed into active metabolites (see B. Testa, J.M: Mayer in Hydrolysis in Drug 
and Prodrug Metabolism, Wiley- VCR 2003, page 4). The carrier prodrug approach 
may be applied in such a fashion that the medicinal agent is released in vivo from the 

15 pohoner in order to regain its biological activity. The reduced biological activity of 
the prodrug as compared to the released drug is of advantage if a slow or controlled 
release of the drug is desired. In this case, a relatively large amount of prodrug may be 
administered without concomitant side effects and the risk of overdosing. Release of 
the drug occurs over time, thereby reducing the necessit>' of repeated and frequent 

20 " administration of the drug. 

Prodrug activation may occur by enzymatic or non-enzymatic cleavage of the 
temporary bond between the carrier and the drug molecule, or a sequential 
combination of both. ix. an enzymatic step followed by a non-enzymatic 

25 rearrangement. In an enz\Tne-free in vitro environment such as an aqueous buffer 

solution, a temporary bond such as an ester or amide may undergo hydrolysis, but the 
corresponding rate of hydrolysis may be much too slow and not therapeutically useful. 
In an in vivo en^drormient, esterases or amidases are t3'pically present and ma)^ cause 
significant catalytic acceleration of the kinetics of hydrolysis from twofold up to 

30 several orders of magnitude (see, for example, R.B. Greenwald et al. J.Med.Chem. 
1999, 42 (18), 3857-3867). 
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Definitions based on TUPAC 

(as given under http://vv^w.chem,qmul.ac.uk/iupac/medcheni/ (accessed on 8 March 
2004) 

5 Prodrug 

A prodmg is any compoxind that undergoes biotransformation before exhibiting its 
pharmacological effects. Prodrugs can thus be viewed as drugs containing specialized 
non-toxic protective groups used in a transient manner to alter or to eliminate 
undesirable properties in the parent molecule. 

10 

Carrier-linked prodrug (Carrier prodrug) 

A carrier- hnked prodrug is a prodrug that contains a temporary linkage of a given 
active substance with a transient carrier group that produces improved 
physicochemical or pharmacokinetic properties and that can be easily removed in 
15 vivo, usually by a hydroh^ic cleavage. This is shov^Ti graphically in Fig. 1. 

Cascade prodrug 

A cascade prodrug is a carrier prodrug for which the cleavage of the carrier group 
becomes effective only after unmasking an activating group. 

20 

Polymeric cascade prodrug 

A polymeric cascade prodrug is a carrier prodrug that contains a temporar>^ linkage of 
a given active substance with a transient polymeric carrier group for wWch the 
cleavage of the carrier becomes effective only after unmstsking an activating group. 

25 

Bioprecursor prodrug 

A bioprecursor prodrug is a prodrug that does not imply the linkage to a carrier group, 
but results from a molecular modification of the active principle itself. This 
modification generates a new compound able to be transformed metabohcally or 
30 chemically, the resulting compound being the active principle. 

Biotrans formation 

Biotransformation is the chemical conversion of substances by living organisms or 
enzyme preparations. 
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Prodrags fall in two classes, bioprecursors and carrisr-liiilced prodrugs. Bioprecursors 
do not contain a carrier group and are activated by the metabolic creation of a 
functional group. In carrier-linked prodrugs the active substance is linked to a carrier 
moiet)' by a temporars' linkage. This invention is concerned with pol^oneric carrier- 
linked or macromolecular prodrugs, Vv^here the carrier itself is a macromolecule such 
as a carrier protein or polysaccharide or polyethylene glycol. Specifically, the 
invention relates to poij'meric carrier-linked prodmgs for vi^hich this cleavage betv/een 
Dolymer and dmg proceeds in two steps according to a cascade mechanism. 

Cleavage of a carrier prodrug generates a molecular entit>' (drug) of increased 
bioactivit)' and at least one side product the carrier. This side product may be 
biologically inert (for instance PEG) or may have targeting properties (for instance 
antibodies). After cleavage, the bioactive entit>^ Vvdll reveal at least one previously 
conjugated and thereb>^ protected functional group, and the presence of this group 
t3'pically contributes to the drug's bioactivity. 

In order to implement a prodrug strategy, at least one certain functional group in the 
drug molecule is employed for attachment of the carrier polymer. Preferred functional 
groups are hydroxy 1 or amino groups. Consequently, both the attachment chemistr>' 
and hydrolysis conditions var}' greatly between these tvv'O functionalities. 

In a simple one-step mechanism, the prodrug's temporary linkage is characterized hy 
an intrinsic labilit)^ or enz}TDe dependence. The susceptibilit}^ of this linkage to 
hydrolysis in an aqueous environment with our vsdthout enzjTOc catal)^sis controls the 
cleavage kinetics betv^^een polymeric carrier and drug. Numerous macromolecular 
prodrugs are described in the literature where the temporarj^ linkage is a labile ester 
bond. In theses cases, the functional group provided by the bioactive entit>' is either a 
hydroxy! group or a carboxyUc acid (e.g. Y. Luc, MR Ziebell, GD Prestwich, "A 
Hyaluronic Acid - Taxol .Antitumor Bioconjugate Targeted to Cancer Cells''. 
Biomacromolecules 2000, 1, 208-218, J Cheng et al, Synthesis of Linear, beta- 
Cyclodextrin Based Polymers and Their Camptothecin Conjugates, Bioconjugate 
Chem. 2003, 14, 1007-1017, R. Bhatt et al, Sj^nthesis and in Vivo Antitumor Activity 
of Poly(L-glutamic acid) Conjugates of 20(S)-Campthothecin, J. Med. Chem. 2003, 
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46/190-193 ; R.B. GreenwalcL A. Pendri, CD. Conover, H. Zhao, Y.H. Choe, A. 
Martinez, K. Shum, S. Guan, J. Med. Chem., 1999, 42, 3657-3667; B. Testa, J.M: 
Mayer in Hj'drolysis in Drug and Prodrug Metabolism, Wiley-VCH, 2003, Chapter 8). 

Especially for therapeutic biomacromolecules but also for certain small molecule 
drugs, it may be desirable to link the macromolecular carrier to amino groups of the 
bioactive entitj^ (i.e. N-terminus or lysine amino groups of proteins). This will be the 
case if masking the drug's bioactivitj' requires conjugation of a certain amino group of 
the bioactive entitjs for instance an amino group located in an active center or a 
region or epitope involved in receptor binding. Also, during preparation of the 
prodrug, amino groups may be more chemoselectively addressed and serw^ as a better 
handle for conjugating carrier and drug because of their greater nucleophilicity as 
oompared to hydroxjdic or phenolic groups. This is particularly true for proteins 
which may contain a great variet>^ of different reactive functionalities, v^^here non- 
selective conjugation reactions lead to undesired product mixtures which require 
extensive characterization or purification and may decrease reaction yield and 
therapeutic efficiency of the product. 

Amide bonds as well as aliphatic carbamates are much more stable towards hydrolysis 
than ester bonds, and the rate of clevage would be too slow for therapeutic utility' in a 
carrier-linked prodrug. Therefore it is advantageous to add structural chemical 

components such as neighbouring groups in order to exert control over the 
cleavability of the prodrug amide bond. Such additional cleavage-controlling 
chemical structures that are not provided by the carrier entit>' nor by the drug are 
called linker. Prodrug linkers can have a strong effect on the rate of hydrolysis of a 
given temporarv' bond. Variation of the chemical nature of these linkers allows to 
engineer the linker properties to a great extent. 

For instance, prodrug linkers may be designed for enz>TOe-selectivity. Prerequisite for 
enzNTOatic dependence is that the linker structure displays a structural motif that is 
recognized as a substrate by a corresponding endogenous enzyme (Fig. 2). 

Enzyme-catalyzed acceleration of prodrug cleavage is a desirable feature for organ or 
cellular targeting applications. Targeted release of the bioactive entity is effected, if 
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an enzTsme, that selectively cleaves the hnkage, is specifically present in the organ or 
cell-t>'pe chosen for treatment. 

A tj'pical property' of an enzjme-dependent temporary linkage is its stabilit)- with 
respect to hydrolysis. The temporarj' linkage itself will not undergo autoh}'drolysis at 
a rate that would release drug to such an extent that a therapeutic effect could be 
induced in a normal dosing regime. It is only in the presence of the enzj'me, that the 
attack of the enz)ane on the linlcage causes a significant acceleration of cleavage and 
concomitant an enhancement of free drug concentration. 

Several examples have been published for the prodrug activation of amine-containing 
biologically active moieties by specific enzymes for targeted release. In these cases, 
cleavage occurs in a one-step process which is catalyzed by the enzyme. G. Ca\'allaro 
et aL, Bioconjugate Chem. 2001, 12, 143-151 describe the enzymatic release of an 
antitumoral agent by the protease plasmin. Cytarabin is coupled via the tripeptide 
sequence D-Val-Leu-Lys to the polymer alpha, beta-poly(N-hydroxyethyI)-DL- 
aspartamide (PHEA). Enz\TOatic release of cj'tarabin is effected by the protease 
plasmin which concentration is relatively high in various kinds of tumor mass. 

Further examples for antitumoral polymeric prodrugs activated by specific enzymes 
like beta lactamase (R. Satchi-Fainaro et aL, Bioconjugate Chem. 2003, 14, 797-804) 
and cysteine proteases like cathepsin B (R. Duncan et al. J, Contr. Release 200 L 74, 
135-146) have been described. Wiwattanapatapee et al. (2003) outline a dendrimer 
prodrug for colonic deliver}^ of 5-aminosalicylic acid. The drug molecule is 
conjugated by an azo bond to "generation 3" PAMAM dendrimer. 5-aminosalicylic 
acid is released in the colon by a bacterial enzyme called azo reductase (W. R. 
Wiwattanapatapee, L. Lomlim, K. Saramunee. J. Controlled Release, 2003, 88: 1-9). 

AJ. Garman et al (A.J. Garman, S.B. Kaiindjan, FEES Lett. 1987, 223 (2), 361-365 
19S7) use PEGSOOO-maleic anhydride for the reversible modification of amino groups 
in tissue-tj^pe plasminogen activator and urokinase. Regeneration of functional 
enz>TOe from PEG-uPA conjugate upon incubation at pH 7.4 buffer by cleavage of the 
maleamic acid linkeage follows first order kinetics with a half-life of 6.1 h. The 
prodrug cleavage was not investigated in the presence of enzymes, and it can be 
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expected - as expiained above - that proteases present in the in vivo environment vs'ill 
significantly contribute to the cleavage of the temporarv^ amide linkage. A further 
disadvantage of this linkage is the lack of stabilitj^ of the conjugate at lower pH 
values. This limits the applicabilit)' of the linker to active agents which are stable at 
5 basic pH values, as purification of the active agent poljaner conjugate has to be 
performed under basic conditions to prevent premature prodrug cleavage. 

Cascade mechanisms have proven particularly useful in the controlled release of drugs 
containing amino-group functionalities because linker cleavage characteristics can be 
10 optimized with greater flexibility than in simple one-step prodrugs. 

Cascade cleavage is enabled by linker compounds that are composed of a structural 
combination of a masking group and an activating group. The masking group is 
attached to the acti^^ating group by means of a first temporary' linkage such as an ester 

15 or a carbamate. The activating group is attached to an amino-group of the drug 

molecule through a second temporarj' linkage, for instance a carbamate. The stabilit>% 
or susceptibility to hydrolysis of the second temporaiy linkage is dependent on the 
presence or absence of the masking group. In the presence of the masking group, the 
second temporary linkage is highly stable and unlikely to release drug with 

20 therapeutically useful kinetics. In the absence of the masking group, this linkage 
becomes highly labile, causing rapid cleavage and drug release. 

Cleavage of the first temporary' linkage is the rate-limiting step in the cascade 
mechanism. This first step may induce a molecular rearrangement of the activating 

25 group such as a L6-elimination. The rearrangement renders the second temporar>^ 

linkage so much more labile that its cleavage is induced. Ideally, the cleavage rate of 
the first temporary linkage is identical to the desired release rate for the drug molecule 
in a given therapeutic scenario. Furthermore, it is desirable that cleavage of the second 
temporary' linlcage is instantaneous after its lability' has been induced by cleavage of 

30 the first temporary^ bond. 

A variet}' of examples exist for cascade carrier prodrugs v\''here the masking group 
functionality is performed by the carrier polymer itself as shovvTi diagrammatically in 
Fig. 3. In the systems discussed below, the masking group is not only part of the 



Page 8; 



wo 2005/099768 



PCT/EP2Q05/003061 



carrier but has also been engineered for enz^^me-dependence (Fig. 4). Only in the 
presence of a correspondirig enz^one is the rate of cleavage of the first temporar}' 
iinlcage sufiicientl)? accelerated for therapeutic use. 

5 R.B. Greenwald, A. Pendri, CD. Conover, H. Zhao, Y.H. Choe, A. Martinez, K. 

Shum, S. Guan, J. Med, Chem., 1999, 42, 3657-3667 & PCX Patent Apphcation WO- 
A-99/30727 describe a methodology for synthesizing poly(efhylene glycol) prodrugs 
of amino-containing small molecule compounds based on 1,4- or l,6-ben2yl 
elimination. In this approach, poly(ethylene glycol) as the polymeric carrier is 

1 0 attached to the benz>^l group by means of a first temporarj' linkage such as an ester, 
carbonate, carbamate, or amide bond. The benz3^1 group ser\'es as the activating 
group, and the PEG pol>'mer also has the function of the masking group in this 
cascade cleavage mechanism. The amino group of the drug molecule is linked via a 
second temporar}' linkage, containing a carbamate group, to the benzN^l moiety. The 

15 release of PEG from the drug molecule is initiated by enzymatic cleavage of the first 
temporary linkage followed by a rapid 1,4- or 1,6-benzyl elimination, mitiating 
cleavage of the second temporary linkage. 

The same linker system is also used for releasable poly(ethylene glycol) conjugates of 
20 proteins (S. Lee, R.B. Greenwald et al. Bioconj. Chem. 2001, 12 (2), 163-169). 

Lysozyme is used as model protein because it loses its activity v^'hen PEGylation takes 
place on the epsilon-amino group of lysine residues. Various amounts of PEG Unker 
were conjugated to the protein. Regeneration of native protein from the PEG 
conjugates occurrs by enz>anatic cleavage in rat plasma or in non-physiological high 
25 pH buffer. 

Greenwald et al published in 2000 a poly(ethylene glycol) drug deliver}^ system of 
amino-containing prodrugs based on trimethyl lock lactonization (R.B. Greenwald et 
al. J.Med. Chem, 2000, 43(3), 457-487; PCT Patent Application No. WO-A- 
30 02/089789). In this prodrug system, substituted o-hydroxyphenyl-dimeth34propionic 
acid is linked to PEG by an ester, carbonate, or carbamate group as a first temporary 
linkage and to amino groups of drug molecules by means of an amide bond as second 
temporar}' linkage. The rate-determining step in drug release is the enz>'matic 
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cleavage of the first linkage. This step is followed by fast amide cleavage by 
lactonization. liberating a potentially toxic aromatic lactone side product. 

Similar prodrug systems were described by F.M.H. DeGroot et al. (WO02083180 and 
5 WO04045493A1) and D. Shabat et al. (WO04019993A1). WO020831S0 discloses a 
prodrug s^^stem vvith elongated and multiple linkers based on L(4^2n) elimination. 
The masking moieties in these examples were specifically designed for enzjTOatic 
cleavage. This approach was extended to dendritic prodrug system where one 
enzvmatic activating event triggered the release of more than one drug molecule 
10 (WO04043493A1). WO040 19993 Al discloses a similar prodrug system based on a 
self-immolative dendrimer releasing many drug moieties upon a single enzj^atic 
activating event. Tliese systems are characterized by the absence of a polymeric 
carrier. Instead, oligomerization of prodrug linker components provides for a high 
molecular weight of the prodrug, and prodrug cleavage generates linker residues and 
1 5 free drug, but no polymeric entity is released. 

The disadvantage in the abovementioned prodrug systems desribed by Greenwald, 
DeGroot and Shabat is the release of potentially toxic aromatic small molecule side 
products like quinone methides after cleavage of the temporary linJcage. The 
20 potentially toxic entities are released in a 1 : 1 stoichiometry with the drug and can 

^sume high in vivo concentrations. This risk factor is even greater if self-immolative 
dendritic structures based on oligomers of the acti^''ating group are employed and 
more aromatic side products than drug molecules are released. 

25 More recently, R.B. Greenwald et al. (Greenwald et al. J. Med.Chem. 2004, 47, 726- 
734) described a PEG prodrug system based on bis-(N-2-hydroxyethyI)glycin amide 
(bicin amJde) linker. In this system two PEG molecules are linked to a bicin molecule 
coupled to an amino group of the drug molecule. The first two steps in prodrug 
activation is the enzjTOatic cleavage of both PEG molecules. Different linkages 

30 bet\^'een PEG and bicin are described resulting in different prodrug activation 

kinetics. The main disadvantage of this system is the slow hydrolysis rate of bicin 
amide conjugated to the drug molecule (tl/2 = 3 h in phosphate buffer) which results 
in the release of a bicin-modified prodrug intermediate that may show different 
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pharmacokinetic and pharmacodynamic properties as compared to the parent drug 
molecule. 

Cascade prodrugs with masking groups that are part of the carrier pol^'mer are limited 
5 in the control of drug release kinetics. As masking group cleavage is the rate-limiting 
step in the cascade mechanism, its molecular structure governs the Idnetics. If the 
carrier poljnuer is identical to the maslcing group, tke structural flexibility' is restricted 
to the poisoners' features. Alternatively, if the polymer requires structural 
modification in order to match the requirements for controlled cleavage, synthesis of 
10 corresponding structures may become more difficult. Also, the incorporation of 
masking group features into a poljTiier may change its safety profile. 

Therefore is it preferred to structurally separate the masking group and the carrier. 
This may be achieved by employing a permanent bond betvv'een polymer carrier and 

1 5 activating group. This stable bond does not participate in the cascade cleavage 

mechanism. If the carrier is not ser\dng as a masking group and the activating group is 
coupled to the carrier by means of a stable bond, release of potentially toxic side 
products such as the activating group is avoided. Tiie stable attachment of activating 
group and polymer also suppresses the release of drug- linker intermediates with 

20 undefined pharmacology. 

Systems have been developed for targeted delivery of therapeutic agents by rendering 
the masking group enz5TOe-dependent. Only in the presence of a corresponding 
enz}'me is the rate of cleavage of the first temporary linkage cormecting the masking 
25 group with the activating group sufficiently accelerated for therapeutic use. 

Antczaic et aL (Bioorg Med Chem 9 (2001) 2843-48) describe a reagent which forms 
the basis for a macromolecular cascade prodmg system for amine-containing drug 
molecules. In this approach an antibody ser\'es as carrier, a stable bond cormects the 
30 antibody to an activating moiety, carn^ing an enz>matically cleavable masking group. 
Upon enzymatic removal of the ester-linked masking group, a second temporary bond 
cleaves and releases the drug compound, as shown in Fig. 6. 
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D. Shabat st al. (Chem. Eur. J, 2004, 10, 2626-2634) describe a polymeric prodmg 
system based on a mandelic acid acti^-'ating moiet)^ In this system the masking group 
is linked to the activating moiet\' by a carbamate bond. The activating moiet3^ is 
coniugated permanently to a polyacrylamide polymer via an amide bond. .Ajfter 
5 enzymatic activation of the masking group by a cataljaic antibody, the masking group 
is cleaved by cyclization and the drug is released. The activating moiet>' is still 
cormected to the polyacrs^amide polymer after drug release, 

M.-R. Lee et al. describe (.Ajigew. Chem. 2004, 116, 1707-1710) a similar prodrug 
10 sj'^stem based on mandelic acid activating moiet)' and an enzj^atically cleavable 
ester-linked masking group. 

In all of these described prodrug-polymer systems the masking group is specifically 
designed to be substrate to an enz^one, and masking group cleavage vvdll almost 
15 entirely depend upon enzj^atic catalysis vsith the disadvantages of interpatient 
variabilitjs injection site variability and poor in vitro-in vivo correlation. 

A major drawback of predominantly enzymatic cleavage is interpatient variability'. 
Enz>'me levels may differ significantly betv^^een individuals resulting in biological 

20 variation of prodrug activation by enzjraatic cleavage. Enj^zme levels may also var>' 
depending on the site of administration, for instance it is known that in the case of 
subcutaneous injection, certain areas of the body yield more predictable therapeutic 
effects than others. To reduce this unpredictable effect, aon-enz^'matic cleavage or 
intramolecular catalysis is of particular interest (see. for example. B. Testa, J.M: 

25 Mayer in Hydrolysis in Drug and Prodrug Metabolism, Wiley- VCH, 2003, page 5). 

Furthermore, it is difficult to establish an in vivo-in vitro correlation of the 
pharmacokinetic properties for such enz3TOe-dependent carrier-linked prodrugs. In the 
absence of a sound in ^avo-in intro correlation the optimization a release profile 
30 becomes a cumbersome task. 

Also, the need for enzjnne selectivity imposes a severe limitation on tlie structural 
features that can be used in the prodrug linker. This restriction greatly hinders the 
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developmsnt of a sound structure-activity relationship and consequently the 
optimization of linker cleavage kinetics. 

For these re^ons. there is a need to provide novel linker and/or carrier technologies 
for forming pohoDeric prodrugs of amine containing active agents in order to 
overcome the limitations of the described polymeric prodrugs. 
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Detailed description of the invention 

The present invention addresses the disadvantages described above. The invention 
provides for pol5TDeric cascade prodrugs characterized b)^ a masking group containing 
5 a nucleophile and being distinct from the carrier. 

The niacleophile is in a suitable distance to a first temporar3' linkage with an aromatic 
activating group capable of undergoing a 1,(4t2p) elimination reaction (v^dth p = 0, 1, 
2j 3, 4, . . .) after cleavage of the ftret temporary linkage. The invention is further 
J 0 characterized by the activating group being connected to the amino group of a drug 
moleciale through a second temporary bond vv^hich is cleaved as a consequence of the 
l,(4-i-2p) elimination. An additional structural feature is the attachment of a pol>TTieric 
carrier to the activating group by means of a permanent bond. 

15 The masking groups according to the present invention contain at least one 

nucleophile Nu. This nucleophile, v/hich can be for example a primar>', secondary or 
tertiary amino group can assist the cleavage of the masking group from the activating 
moiety by intramolecular catalysis or cyclization. 
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The invention provides for polyinsric cascade prodrugs and corresponding poivmeric 
cascade prodrug linker reagents of Formula la or Fb. 



R4 



Formula la 




Formula lb 

vv^herein Yi to Y5, Rl to R4, T, X, W, Nu and Ar are defined below: 

Native drug release is effected "by a tv^'O step mechanism. The first step is the rate- 
determining cleavage of the first temporarj' linkage between the masking group 



and the activating moiet>' 
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from the poljaneric prodrug in vivo. 

As described above, cleavage of the masking group may be mediated by an enzymatic 
or a non-enz5niiatic step, such as pH-dependen.t hydrolysis or intramolecular 
5 cyclization. In the preferred embodiment of tixe invention, cleavage is effected non- 
enzymaticaliy by intramolecular cyclization ox- cata]5''sis. The half-life of the cleaveage 
kinetics in an aqueous buffer of pH 7.4 at 37 of the masking group according to the 
present invention is preferably between 1 houx: and 6 months, inore preferably 
between 1 day and 3 months, and most preferably between 1 day and 2 months. 

10 

The second and final step in release of the regenerated native drug is the fast, 
spontaneous and irreversible so-called 1,4- or 1,6 or l,(4-{-2p) (in which p = 2, 3, 4 or 
higher) elimination of the 



15 




20 moietj' of the remaining polymeric prodrug of formula la or formula lb, respectively. 

This mechanism of native drug release from a. polymeric prodrug triggered by 
hydrolytic cleavage of the masking group followed by a 1,6-elimination step of the 
activating group is exemplified by a poij^meric prodrug according to the present 
25 invention. 
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Polymer 



R7 R8 ^ 

Nu-W W 
O 



N— Drug 
H 



^L. 

\/ OH 



Nu-W 



masking group deava ge 
by intramolecular catalysis 



Polymer 



HO- 



OH, 



W-Orug 



Polymer 

J 

\ — / -f HjN— Drug 



Definition of Yi to Y5, Rl to T. X, W, Nu and Ar in formula la or lb 

T is D or A 

In the case where the inventive structure is a poljaneric cascade prodrug linicer 
reagent T is A, and A is a leaving group. TNon-limiting examples of suitable leaving 
groups A include but are not limited to ch.loride, bromide, fluoride, nitrophenoxy, 
imidazolvL N-hydroxysuccinimidyl, N-h>^drox3'benzotriazolyl, N- 
hydroxyazobenzotriazolvL pentafluorphenoxy, N-hydroxysulfosuccinimidyL or any 
other leaving group known by those sldll^d in the art. 

In the case where the inventive structure is a polymeric cascade prodrug, T is D, and 
D is a residue of an amine-containing biologically active material including but not 
limited to small molecule bioactive agents or biopolymers like proteins, pols'peptides 
and oligonucleotides (RNA, DNA), peptide nucleic acids (PNA), 
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Note that in this description reference is often made to procirugs. A true prodrug is 
found when T is the residue of the amine-containing biologically active material or 
moiet)'. If T is a leaving group A then the formula represeats a polymeric cascade 
prodrug linker reagent . For simplicit>' these will be referreci to prodrugs in this 
description. It will be understood from the context whether a true prodrug or a reagent 
as a predursOi is meant. 

Suitable organic small molecule bioactive moieties include, without limitation, 
moieties such as central ner\^ous system-active agents, anti-infective, anti-neoplastic. 
antibacterial, anti-fungal, analgesic, contraceptive, anti-inflammatory, steroidal, 
vasodilating, vasoconstricting, and cardiovascular agents v^ith at least one primarj' or 
secondary amino group. Non-exclusive examples of such compoimds are 
daunorubicin, doxorubicin, idarubicin, mitoxantron, amino glutethimide, amantadine, 
diaphenylsulfon, ethambutol, sulfadiazin, sulfamerazin, suLfamethoxazol, sulfalen, 
clinafloxacin, moxifloxacin, ciprofloxaxin, enoxacin, norfloxacin, neomycin B, 
sprectinomycin, kanamycin A, meropenem, dopamin, dobuLtamin, lisinopril, serotonin, 
carbutamid, acivicin, etc. 

Suitable proteins and polypeptides having at least one free amino group include but 
are not limited to ACTH, adenosine deaminase, agalsidase, albumin, alfa-1 antitrj^psin 
(AAT), alfa-1 proteinase iniiibitor (APT), alteplase, ajiistreplase, ancrod serine 
protease, antibodies (monoclonal or polyclonal and fragments or fusions), 
antithrombin III, antitr\^psins, aprotinin, asparaginases, biphalin, bone-morphogenic 
proteins, calcitonin (salmon), • coilagenase, DNase, endorphins, enflivirtide, 
enkephalins, erytliropoietins, factor Vila, factor VTII, factor Villa, factor IX, 
fibrinolysin, fusion proteins, follicle-stimulating horiDLones, granuloc3n:e colony 
stimulating factor (G-CSF), galactosidase, glucagon, gluca.gon-like peptides like GLP- 
1, glucocerebrosidase, granulocjae macrophage colony sti.inulating factor (GM-CSF), 
phospholipase-activating protein (FLAP), gonadotiropin chorionic (hCG), 
hemoglobins, hepatitis B vaccines, hirudin, hyaluroni daises, idumonidase, immune 
globulins, influenza vaccines, interleukins (1 alfa, 1 beta, 2, 3, 4, 6, 10, 11, 12), IL-1 
receptor antagonist (rhlL-lra), insulins, interferons (alfa 2a, alfa 2b, alfa 2c, beta la, 
beta lb, gamma la, gamma lb), keratinocj^e grovvth factor (KGF), transforming 
growth factors, lactase, leuprolide, levothyroxine, luteinizing hormone, lyme vaccine, 
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natriuretic peptide, pancrelipase. papain. parathjToid hormone, PDGF. pepsin, platelet 
activating factor acetj'lhydrolase (P>JF-.^IH), prolactin, protein C, octreotide, secretin, 
sennorelin, superoxide dismutase (SOD), somatropins (growth hormone), 
somatostatin, streptokinase, sucrase, tetanus toxin fragment ti lactase, thrombins, 
5 thymosin, thyroid stimulating hormone, thyrotropin, tumor necrosis factor (TNF), 
TNF receptor-IgG Fc, tissue plasminogen acti^'ator (tPA), TSH, urate oxidase, 
urokinase, vaccines, plant proteins such as lectins and ricins. 

Also included herein is any sj^nthetic pol3^eptide or any portion of a poljT^eptide v^ath 
10 in vivo bioactivit>'. Furthermore, proteins prepared by irecombinant DNA 
methodologies including mutant versions of aforementioned proteins, antibody 
fragments, single chain binding proteins, cataljoic antibodies and fusion proteins are 
included. 

15 Preferred proteins are antibodies, calcitonin, G-CSF, GM-CSF, erj^hropoietins, 
hemoglobins, interleukins, insulins, interferons, SOD, somatropin, TNF, TNF- 
receptor-IgG Fc, and GLP-1 . 

X is a spacer moiet}' such as R5- Y6 

20 

Yi, Y2 can each be either O, S, or NR6, mdependently of each other. 
Y5, Y5 can each be either O or S, independently of each other. 
Y4 is O, NR6, or -C(R7)(R8)-. 

Y6 is O, S, NR6, succinimide, maleimide, unsaturated carbon-carbon bonds or any 
25 heteratom containing a free electron pair, or is not present. 

R2 and R3 are selected independently from hydrogen, substituted or non-substituted 
linear, branched or cyclical alk>^l or heteroalk>4, ar}4s, substituted a.r}'is, substituted or 
non-subsrituted heteroar)4s, cyano, nitro, halogen, carboxy, carbox:yalk>4, 
alk}4carbonyL carboxamidoalk}^, etc. 

30 

The term "heteroalkyF' in the context of the present invention denotes (linear, cyclical 
or branched) all<yl chains where the allc)4 chains contain or are substituted vsnth at any 
position one or more heteroatoms, selected independently from S, N, P, Si, CI, F, 
Br, L etc. or groups, selected independently from carboxamide, carboxjdic ester. 
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phosphonate ester, phosphate ester, double or triple bonds, carbamate, urea, thiourea, 
thiocarbamate, oxime. cyano. carboxyl, carbonyl, etc. 

Each R4 substitution on At may be the same or different and is selected independently 
5 from hydrogen, substituted or non-substituted linear, branched or cyclical alkj-'l or 
heteroalkyl, arjd, substituted aryL substituted or non-substituted heteroar>4, 
substituted or non-substituted linear, branched, or cyclical alkoxy, substituted or non- 
substituted linear, branched, or cyclical heteroalkj'loxy. arj'loxy, heteroar\*loxy, 
cyano. halogen, etc. 

10 

R4 is selected preferably from small substituents such as hydrogen, methyl, ethyl, 
ethoxy, methoxy, and other CI to C6 linear, cyclical or branched alky Is and 
heteroalk>4s. 

15 n is zero or a positive integer. 

R7 and R8 are selected independently from hydrogen, substituted or non-substituted 
linear, branched or cyclical alkjd or heteroalkjd, aryls, substituted aryds, substituted or 
non-substituted heteroarjds, cyano, halogen, etc. 

20 

R5 is selected from substituted or non-substituted linear, branched or c>^clical alkyl or 
heteroalk^'l, aryls. substituted ar)4s, substituted or non-substituted heteroaryls, etc. 

R6 is selected from hydrogen, substituted or non-substituted linear, brar:iched or 
25 cyclical alkyl or heteroallod, ar>'is, substituted ar34s, substituted or non- substituted 
heteroar}4s, etc. 

Rl is a polymer. 

Non-limiting examples for suitable polymers are polyalkyloxy-based polymers like 
30 poly (propylene glycol) or pol5^(ethylene glycol), dextran, chitosan, hyaluronic acid 
and derivatives, alginate, xylan, marman, carrageenan, agarose, cellulose, starch, 
hydroxy ethyl starch (HES) and other carbohydrate-based polmers, poly (vinyl 
alcohols), poly(oxazolines), poly(anhydrides), poly(ortho esters), poly(oarbonates), 
poly(urethanes), poly(acrylic acids), polyCacrjdamides) such as 
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poly(hydrox3propyimethacr3'lamide) (HMPA), poly(aGn4ates), poly(niethacr}4ates) 
like poly(hydroxyethylmethacr3'late), poly(organophosphazenes), po}y(3iloxanes), 
poly(vmylp3Trolidone). poly(cyanoacr}'late5), poly(esters) such as poiyClactic acid) or 
pol3<glycolic acids). polyCiminocarbonates), polj^amino acids) such as pol5'(glutamic 
5 acid), collagen, gelatin, copolymers, grafted copolymers, cross-linked polj'mers, 
hydrogels, and block copolymers from the above listed polymers. 

Hydrogels may be defined as three-dimensional, hydrophilic or amphiphilic 
polymeric networics imbibing large quantities of water. The netvv^orks are composed of 

] 0 homopolymers or copolymers, are insoluble due to the presence of covalent chemical 
or physical (ionic, hydrophobic interactions, entanglement) crosslinks. The crosslinks 
pro^ade the network structure and physical integrit>'. Hydrogels exhibit a 
thermodynamic compatibility with water which allows them to swell in aqueous 
media.(see.: N.A. Pepp^, P. Bures, W. Leobandung, H. Ichikawa, Hydrogels in 

15 pharmaceutical formulations, Eur. J. Pharm. Biopharm. 2000, 50, 27-46). The chains 
of the network are connected in such a fashion that pores exist and that a substantial 
fraction of these pores are of dimensions of between 1 and 1000 nm. By selecting 
certain polymerization conditions, the hydrogel may be obtained in the form of an 
amorphous gel or as beaded resin. Such soft beads may have a diameter of between 1 

20 and 1000 micrometer. 

Hydrogels may be sj^nthesized from the pohnners and copoljoners listed above and 
physically cross-linked or chemically cross-linked by radical, anionic or cationic 
polymerization, by chemical reactions like condensation or addition reactions as 
25 described in W.E. Hennink and C.F. van Nostrum, Adv. Drug Del Rev. 2002, 54, 13- 
36. 

Further examples include branched and hj^perbranched polymers. Examples for such 
polymers include dendrimers and other dense star polymers. (R. Esfand, D.A. 
30 Tomalia, Drug Discov Today, 200L 6(8), 427-436; P.M. Heegaard, U. Boas, Chem. 
Soc. Rev. 2004 (33(1), 43-63; S.M. Grayson, J.M. Frechet, Chem. Rev. 2001, 101 
(12), 3819-3868). 
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Rl can also be a biopolymer like a protein. Non-iimiting examples of such polymers 
include albumin, antibodies^ fibrin, casein, and other plasma proteins. 

Each Rl pohTOer can carr)' one or more biologically active substances liniced to the 
5 poljoner by conjugation with a second prodrug linker as described herein or anj' other 
linker knovv^ to the person skilled in the art. The poljTOers may have further 
substituents and may be functionalized for attachment to the spacer moist)' X. Non- 
limiting examples of such functional groups comprise carboxsdic acid and activated 
derivatives, amino, maleimide, thiol, sulfonic acid and derivatives, carbonate and 
1 0 derivatives, carbamate and derivatives, hydroxyl , aldehyde, ketone, hydrazine , 
isocyanate, isofhioc^^anate, phosphoric acid and derivatives, phosphonic acid and 
derivatives, haloacet>4, alkjd halides, acr}'!©}^, ar>4ating agents like ar^d fluorides, 
hydroxylamine, disulfides like pyridyl disulfide, vinyl sulfone, vinyl ketone, 
diazoalkanes, diazoacetyl compounds, epoxide, oxirane, and aziridine. 

15 

Preferred functional groups for the Rl polymer include but are not limited to thiol, 
maleimide, amino, carbox5''lic acid and derivatives, carbonate and derivatives, 
carbamate and derivatives, aldehyde, and haloacetjd. 

20 Especially preferred functional groups include thiol, maleimide, amino, carboxylic 
acid and derivatives, carbamate and derivatives, and carbonate and derivatives 
thereof. 

Non-limiting examples for suitable bonds or groups formed betvi^een X and Rl 
25 include disulfide, S-succinimido, amide, amino, carboxylic ester, sulfonamide, 
carbamate, carbonate, ether, oxime, hydrazone, urea, thiourea , phosphate, 
phosphonate, etc. 

Preferred bonds or groups formed betv^'een X and Rl comprise S-succinimido, amide, 
30 carbamate, and urea. 

Preferably, the Rl pols^ers are well hydrated, degradable or excretable, nontoxic and 
non-immunogenic in mammals. Preferred Rl polymers include polyalkoxy-based 
polymers like polyethylene glycol and polyethylene glycol reagents as those 



Page 22 



wo 2005/099768 



PCT/EP2OO5/O03O61 



described in Nsktar Inc. 2003 catalog '"Nektar Molecule Engineering - Polyethylene 
Glycol and Derivatives for Advanced PEGjdation" and branched hyperbranched, 
cross-linked polymers and hydrogels, and proteins like albumin. 

W is selected from substituted or non-substituted linear, branched or cyclical alkjd. 
aryis, substituted ary4s, substituted or non-substituted linear, branched or cyclical 
heteroalk>'L substituted or nonsubstituted heteroarjds, etc. 

W is selected preferably from non-toxic substituted or non-substituted linear, 
branched or cyclical allQds or heteroalkyls. 



Preferred variations of y II 
and n 



are 



R7 O 



R7 O 



-O , 



R8 



-NR6 



R8 



NR6- 



-O 



R7 Q 



Especially preferred variations of y- — L! — are 
forming polymeric prodrugs of the foUowrng'formulas: 



O 



R8 



and NR6- 
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In formula laa and Iba R6 ma}- also be Nu-W. 

At least one Nu is present in Nu-W. 

5 Nu is a nucleonhile that can Derform a nucieophilic attack at the carbonyl carbon of 
Y 

If and thus catalyse the cleavage of the masking group by intramolecular 
catalysis or cyclization (figure 8). Figure 8 shows an example according to formula la 
or lb wherein the cleavage of the masking group is by intramolecular cyclization. In 
cases where Nu onl}^ catal5'ses the cleavage of the masking group by intramolecular 

10 catalysis, no cyclical product of the masking group is formed. 

Preferred nucleophiles include primar)^ secondarj' and tertiary' amino groups, thiol, 
carboxylic acid, hydroxylamine. hj^drazine. and nitrogen containing heteroaryL 
Especially preferred nucleophiles include primarv% secondary and tertiar}^ amino 
groups. In order to effectively catalyse the cleavage of the masking group, the spacing 

15 between the nucleophile Nu and Y2 is preferably between three and fifteen atoms. 

More preferably, the spacing betetvv'een Nu and Y2 is between four and ten atoms. The 
at least one nucleophile Nu may be attached anyv^'-here to W (e.g. at the terminus or in 
the middle of W) or may be part of W. 

20 Preferred variations for the masking group j^^_yy_Y U 

are selected independently from 

R9, f? R9, f\f 

N-W-N— ' or N-W— i — ^' 
/ 1 /I 

25 R10 R6 R10 R7 

where W forms a primar}', secondar}^ or tertiar>' amine nucleophile Nu. 

R10 

These preferred variations result in polymeric prodrugs according to the following 
30 formulas: 
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R5. RIO are selected independently from hydrogen, substituted or non-substituted 
alkyl or heteroalkyl, substituted or non-substituted aryl or heteroaryl. 



Especially preferred variations for the masking group 

Nu-W-Y^ 



are selected from 



R9. 



N- 



R10 



R11 



R12 



— Ni 
I 

m 



O 

JlI 



R9. 



or 



m = 2 - 10 



R10 



N-W- 



R8 O 



R7 



Preferably, R9. RIO, Rl 1 and R12 are selected independently from hydrogen, 
substituted or non-substituted alkyd and R7 and/or R8 are not hydrogen. 



R6 may also be R9 



N- 



R10 



R11 



R12 



m 



and is preferably not hydrogen. 
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Surprisingly it was found, that the masking group can modify irrevsrsibly the amine 
containing biologically active moiet)' when the nucleophile Nu is absent in the 
masking group. As shown in the example section, during release of the bioactive 
moiet}' insuUn from a polymeric prodrug with a pentanoyl masldng group which is not 
5 part of the present invention (as it does not contain a nucleophile), approximatelj' 30% 
of the insulin molecule was modified vvdth the masking group b)' acyl transfer. The 
mechanism, of an example of this modification where D contains an additional free 
amino group that serve as nucleophile for acyl transfer from the masking group is 
shov^Ti in figure 9. 

10 

Ar of formula la or lb is a multi-substituted aromatic hydrocarbon or a multi- 
substituted aromatic heterocycle. To be aromatic, the number of pi electrons must 
satisfy the Huckel rule (4n-?-2) and the cycle has to be planar. A huge variet>' of 
compounds satisfy these criteria and thus are suitable as Ar in formula la or lb. Non- 
15 limiting preferred aromatic moieties include: 



20 



25 



30 
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whsrein W is O, N, or S, indspendent from each other. 



R1 



X 




R2 





T 



V 

1 . 



T 



Y2 and 



R3 



in formula la or Y2 and 



R3 



m 



formula lb has^e to be arranged on the aromatic ring in such a fashion that a L4- or 
L6- or l,(4-r2p), with p= 2. 3> 4 and higher, elimination can talce place (see above). 
For example, in the case of a 6-membered ringj the substituents have to be arranged 
ortho or pca^a. 

Preferred moieties for Ar are mono- and dicyclic aromatic hydrocarbons or aromatic 
heterocycles. 

Especially preferred moieties are monocyclic five- or six-membered aromatic 
hydrocarbons or aromatic heterocycles. 

General synthesis procedures of the polymeric prodrugs 

Synthesis of representative examples of polymeric prodrugs according to the present 
invention is described in the Examples section. 

Prodrugs of the present invention can be prepared in various different fashions. Figure 
10 shows general routes for the synthesis of the poljTOeric prodrugs of the present 
invention according to fonnuia la. 

In a first method, intermediate (III) is provided by acylating Y2 of starting material 



For this, X or Nu may have to be protected with a reversible protecting group PG] . 
Suitable protecting groups are described in TW Greene. P.G.M. Wuts, Protective 
groups in organic synthesis, 1999, John Wiley & Sons, 3'''^ ed.. From intermediate (III) 
tvvo alternative routes can be used to yield (laa). In a first route intermediate (III) is 
activated by an activating agent such as 4-nitrophenjd chloroformate or disuccinyl 
carbonate to }aeld (I\0- The amine containing drug molecule is attached to (IV) to 
yield (V) by displacing the leaving group of the activated intennediate (FSO- After 



(II) with the masking group 
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deprotection of X such as by treating mtermediate (\0 Vvith reagents like 
trifiuoroaoetic acid or DTT (where applicable) deprotected intermediate (\0 is then 
reacted with polymer Rl to jaeld the poljnneric prodrug (laa). 

5 In a second route the polsraer Rl is first attached to the intermediate (DI) after 

deprotection of X (where applicable) to form intermediate (\/'I). After an activation 
step intermediate (VII) is formed. (\^ is reacted with the amine containing drug 
molecule to form the polymeric prodrug (lac), 

10 In a second method, intermediate (VTII) is provided by activating starting material (II) 
by an activating agent such as 4-nitrophen5'l chlorofomate. For this, Yo and/or X may 
have to be protected with a protecting group PG2 and/or PG). Amine containing drug 
is reacted with intermediate (VIE) to form (DC). In a first route. Yo of (DC) is 
selectively deprotected and acylated to form intermediate (V) which is further 

15 processed to (laa) as described above. In a second route X is selectively deprotected 
and reacted with polymer Rl to form intermediate (X). Y'2 of (X) is then deprotected 
and acylated to form the pol>a3ieric prodrug (lac). 

In a third method starting material (II) is reacted with polymer Rl to form 
20 intermediate (XI) . In one route, intermediate (XI) can be acylated to form 

intermediate (\T) which processed as described above to form polymeric prodrug 
(laa). In a second route, Y2 is protected by the protecting group PG2, activated and 
reacted with the amine containing dmg molecule to form (X). Intermediate (X) is then 
processed as described above to form the polymeric prodrug (lac). 

25 

For all methods described, further functional groups such as Y3 or nucleophiles 
present in Nu-W m.ay have to be protected with suitable protecting groups. 

Polymeric prodrugs according to formula lb can be prepared by methods described 
30 above for prodrugs according to formula la xising starting material lib instead of II in 



figure 10. 




lib 
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It is undsrstoocL that linker structures according to the outlined invention and carr^ang 
protecting groups or leaving groups as described and used in the synthesis of 
corresponding polymeric prodrugs are considered v^athin the range of the invention. 

5 

Application of the polymeric prodrugs in molecular therapy 

For polymeric cascade prodrugs it is desirable for the cleavage kinetics of the first 
temporary' linkage to proceed under conditions present in the blood circulation of the 
iO human body (pH 7.4, ST^'C). Most importantly, cleavage of the first temporary' linkage 
should be based on hydrolysis and exhibit none or only ver>' limited dependence upon 
chemical or biochemical or physicochemical entitities present in the human blood 
circulation such as enz}nnes, salts or binding proteins. 

1 5 It was now surprisingly found that the rate of cleavage of the first temporarj- linkage 
connecting the masking group with the activating group as well as its dependence 
upon blood components can be controlled by neighbouring group effects mediated by 
nucleophilic functional groups (such as primary, secondarj^ or tertiary amines) present 
in the masking group and positioned in a distance to the corresponding temporary 

20 bond. If the masking group is structured in this fashion, an intramolecular reaction 
with contribution of the nucleophile governs the kinetics of the linkage (Fig. 5 and 
Fig. 8). 

Key ad^'antage of the polymeric prodrugs of the present invention is their 
25 predominantly non-en2:3anaLic cleavage: the half- life of the prodrug in suitably 

buffered human blood plasma of pH 7.4 (with aqueous buffer concentration < 50 %) 
is at least 50 % of the half-life of the prodrug in enzyme-free buffer pH 7.4. 

This feature allows for better predictability and control of release rates after 
30 administration to a living organism and reduces interpatient variability^ 

In contrast to the enzymatic dependency^ of masking group removal as described in 
abovementioned examples of Antzczak et al., Shabat et al. and Lee et al., a higher 
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level of control over release rates can be achieved if the masking group has eiiz\TOe- 
independent. self-eliminating properties. 

The masking groups according to the present invention contain at least one 
5 nucleophile Nu. Structural features of this masking group such as nucleophihcitj' of 
the amine group and ring-forming capacit}' may be systematicaDy optimized in order 
to precisely adjust the rate of prodrug cleavage. Such intramolecular reactions 
resulting in unmasking and subsequent rearrangement are highlj' independent from 
enzymes due to the fact that intramolecular reactions are generally preferred over 
10 ■ intermolecular reactions as shov^ni diagrammatically in Fig. 8. 

In another embodiment of the invention, independency of prodrug cleavage from 
enzyme levels is achieved by providing a prodrug containing a sterically demanding 
carrier group as is shovvTi in Fig. 7. 

15 

Such encapsulation or sterical protection b)' the sterically demanding carrier group 
may be conferred by a branched^ hyperbranched, crosslinked or self-^sembled 
structure of the carrier poljoner. Such pol3Tiiers tend to form a denselj' packed 
molecular volume, as exemplified for instance in dendrimers, dense star polymers or 
20 bead-shaped nano- and microparticles or amorphous gels. If the linkage of the 

poljoner carrier to the drug is located in the interior of the polymer carrier, the linked 
drug v^dll be efficiently encapsulated and protected from enzjTOatic attack. In this 
case, sterical hindrance by the pols'mer prevents enz>TOes from accessing and cleaving 
the temporar)^ linkages. 

25 

In yet another embodiment enzsTOe-independent prodrug cleavage is achieved by 
combining an intramolecular self-eliminating masking group with an encapsulating 
hyperbranched or crossliniced or self-assembled carrier, 

30 A further advantage of the present invention is the release of an unmodified 

biologically active moiet>\ In cases where the biologicall)' active moiet>^ contains 
further reactive functional groups like amino groups of lysine residues in proteins, an 
unwanted side reaction between the masking group and the biologically active moiety 
can occur. The reactive flmctional -groups of the biologically active moiety maj' react 
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with the masking group, forming a stable covalent bond and resulting in the release of 
a modified biologically active nioietj'. Tnis potential side reaction is shovv-Ti 
schematically in Figure 9. The occurrence of such side reactions is shovvoi in the 
examples section using pohoDeric prodrugs which, are not part of the present invention 
with simple masldng groups like a pentanoyl residue v^athout a nucleophile Nu present 
in the masking group and as described by Antczak et al. or Lee et al. The side reaction 
in this linlcer s^^stem is suppressed using poljoneric prodrugs according to the present 
invention with intramolecularly activated maslcing groups that contain nucleophiles 
Nu (see example section). 

Enzyme-independent release control enables depot formulations without the need for 
encapsulation. Until now, many biocompatible materials like hydrogels with large 
pore sizes could not be used for depot formulations due to their lack of encapsulation 
properties. From such well-hydrated and mechanically soft biocompatible 
materials.biologically active moiety would be released too fast for most therapeutic 
applications. In combination with the prodrug linkers described in this invention, the 
carrier material may be optimized for its biocompatibiiitj^ properties as the release is 
solely governed by the linker cleavage kinetics and does not require chemical or 
enzymatic degradation of the polymer carrier itself. 

Release rates are governed by a substantially non-enzjonatic chemical reaction which 
is in turn dependent on the molecular structure of the linker. Systematic or random 
modifications of the chemical structure, for instance by changing substituents in one 
or more positions, for instance a . masking group in a cascade prodrug, allows for the 
generation of prodrung linkers with differing release rates. It is therefore possible to 
create a variety of prodrug linkers and select those fast or slow cleaving prodrug 
linkers according to the demands posed by a given medicinal or therapeutic 
application, 

.Ajiother advantageous feature which is part of this invention is the attachment of the 
polymer carrier through a stable covalent bond to an activating moiet>' involved in a 
double or cascade prodrug release mechanism. As part of this invention, the actix'-ating 
moiety remains attached to the polymer carrier after drug release and therefore cannot 
diffuse into the environment. Permanent linkage of th poljraer carrier to the activating 
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group greatly reduces the any side-reactivit>' of the activiating moiet>^ and the 
probabilit}' of unwanted toxic effects. In other poljoneric cascade prodrugs knov^n in 
the art, the activating moietj' is released in addition to the drug. Due to the molecular 
rearrangement mechanisms used in cascade prodrugs, the activating moier\' is released 
in a highly reactive form and may cause direct damage to suxrounding biomolecules^ 
or potentially toxic derivatives of the activating moietj' may be formed in vivo. 

Description of the Figures 

Fig. 1 shov/s a carrier-linked prodrug. 

Fig. 2 shows an enzynne-dependent carrier- linked prodmg. 

Fig. 3 shows a cascade prodrug where the masking group is part of the carrier. 

Fig. 4 shows an enz>'me-dependent cascade prodrug where the masking group is part 

of the carrier. 

Fig. 5 shows a self-cleaving cascade prodrug where the masking group is separate 
from the carrier. 

Fig. 6 shows an enzjone-dependent cascade prodrug where the masking group is 
separate from the carrier. 

Fig. 7 shows a cascade prodrug where the carrier is sterically protecting the masking 
group. 

Fig. 8 shows cleavage of the masking group by intramolecular cyclisation. 
Fig. 9 shows a possible side reaction of polymeric prodrug activation. 
Fig. 10 shows general synthesis methods. 

Fig. 1 1 shows mass spectra of prodrug released insulin molecules. 
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Examples 

Materials 

Firioc-amino acids, resins and PyBOP were purchased from Novabiochem and are 
5 named according to the catalogue. Fmoc-Ado-OH was obtained from Neosystem. All 
additional chemicals were purchased from Sigma Aldrich. Recombinant human 
insulin was from ICN Biomedicals (USA). Maleimide-PEG5k was obtained from 
Nektar (USA). 5-(and-6)-carbox5'*fluorescein succinimidyl ester (mixed isomers) w^ 
obtained from Molecular Probes. 

lO 

Solid phase synthesis reaction medium 

Sohd phase synthesis was performed on NovaSyn TG Sieber amide resin with a 
loading of 0. 1 7 mmol/g or 2-chlorotrityI chloride resin with a loading of 1 .4 mmol/g. 
Syringes equipped wth polypropylene frits were used as reaction vessels. 

15 

Standard coupling cvcle for fmoc-protected amino acids 

For fimoc protecting-group removal, the resin was repeatedly (three times, 4 min each) 
agitated with 2/2/96 (v/v/v) piperidine/DBU/D^4P and repeatedly (six times) washed 
wth DMF. 

20 Coupling of frnoc-protected amino acids to free amino groups on resin was achieved 
by agitating the resin with 3 equivalents (eq) of ftnoc-amino acid, 3 eq P3^BOP and 6 
eq DIEA in relation to free amino groups in D^dF for 60 min. 
Finally, the resin was repeatedly (five times) washed with DMF. 

25 Standard olea^^^age protocol for TentaGel Sieber amide resin 

Upon completed synthesis, the resin was washed with DCM, dried in vacuo and 
treated repeatedly (five times) with 97/2/1 (v/v) DCM/TES/TFA. After evaporation, 
compounds were purified by preparative RP-HPLC (Waters 600). 

30 Standard clea^^age protocol for 2~chlorotrit>d chloride resin 

Upon completed S3mthesis, the resin was washed with DCM. dried in vacuo and 
treated two times for 30 minutes with 65/35 (v/v) HFIP/DCM. After combining the 
eluates the volatile components were evaporated. 

Page 33* 



wo 2005/099768 



PCT/EP2005/003061 



Analysis 

Mass spectromstn^ (MS) was performed on a Waters ZQ 4000 ESI instrument and 
spectra were, if necessarj'. interpreted by Waters sofro-'are MaxEnt. 
Size exclusion chromaxography was performed using an .Amersham Bioscience 
AEKTAbasic system equipped wth a Superdex 200 column (.Amersham Bioscience). 
NMR spectra were rec^orded on a Bruker ACS 00. 



Oven^iew - s\aiLhesis of polymeric prodrugs according to formula la vvdth ester-linked 
maslcing groups 




O2N 

2. Mmt deprotectron 
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SA'Titbesis of Dolvmeric prodrugs acoording to formula la with carbamate-linlced 
maslcing groups 

a) Ri Ri 



HOHf W 



R2 



-Br 



11 



R7 



12 



q 

HO"^ ^^S-hAmt 

2 



CuBr. 



NaBH, 



R2 



R1 
R2 




10 



R7 

N 

H 



^ OH 



13 



HO "^S-R4 



R1 



R2 



-S-Mmt 



=' O 



17 



HO 




cih: 

1. o 



H 

R5-N 



R5 



15 



NO, 



R5-N^ 15 
^R5 



R1 >- 



R5— N >=^ O 
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NaBH^ 



R1 



RS — N' 



R5 R2' 




R7 



=^ OH 
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NH 
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21, 45 
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25 



30 
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Synthesis of Dohaneric prodrugs according to formula Ib> with a carbamate-linked 
masking group 
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Synthesis of oomDOUud 2 




S-Mmt 



5 



2 



Mmt-chloride (1 eq) and mercaptopropionic acid (1.1 eq) were dissolved in TFA and 
incubated for 30 min. The solvent was removed under reduced pressure. The product 
was dissolved in pyridine, diluted in water, acidified by acetic acid and extracted with 
1 0 ether. Tlie ether phase was separated and dried over Na2S04. Solvent was removed 
under reduced pressure and product 2 v^^as purified hy RP-HPLC. 

Synthesis of compounds 3a and 3b 



20 3b Rl = OMe 

Octopamine hydrochloride (la) (2 eq). DIE-A (4 eq), and PyBOP (1 eq) were 
dissolved in DTs^F, 2 (leq) was added and the mixture was reacted for 50 min at room 
temperature. After addition of acetic acid (7 eq) product 3a was purified by RP- 



25 3b was synthesized from normetanephrine hydrochloride (lb) as described above. 

3a: MS [M-fNaf = 536 (lsW-^Na calculated = 536.2 g/mol) 
3b: MS [>4H-Na]" = 566 (MW-fNa calculated = 566.2 g/mol) 



15 



O 




3aRl =H 



HPLC. 



30 
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4 

2-Mercaptothiazoline and triethylamine (L5 eq) were dissolved in drj' THF and 
pentanoyl chloride (1 eq) was added. The mixture was stirred for 1 h at 50 "^C under 
inert gas atmosphere and was allowed to cool to room temperature. 0.5 N aqueous 
HCl was added and the separated organic phases were dried over Na2S04. After 
concentration in vacuo the residue w^as purified by silica gel column chromatography 
using heptane/ethyl acetate (1/1) as mobile phase. Mercaptothiazolide 4 was collected 
as a viscous yellow oil. 

4 Rf (heptane/ethyl acetate 1 : 1 ) = 0.7 

Synthesis of compounds 5a and 5b 




5a 5b 



General synthesis protocol: 

1 g 2-chlorotrit3^1 chloride resin (loading 1.6 mmol/g) was incubated for 1 h with 850 
mg (2.4 mmol) Fmoo-Ile-OH and 840 ul (4.8 mmol) DIEA in 5 mll/1 DCM/DMF. 
After fmoc removal and washing of the resin with DISlF, boc-aminobutj'ric acid was 
coupled to 0.5 g resin according to the standard coupling method. Compound 5a was 
cleaved from the resin with 97/1/2 (v/v) DCM/TF.ATES for 45 min. After 
neutralisation with pyridine, solvents were removed under reduced pressure and 5a 
was purified by RP-HPLC. 

5b was synthesized from boc-aminohexanoic acid as described above. 
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5a MS [M-HNa"r = 339.2 (MW-f-Na calculated = 339.4 g/mol) 
5b MS ns^+Nal"^ = 367.4 (MW4-Na calculated = 367.5 g/moI) 

Svntbesis of compound 6a 




Mercaptothiazolide 4 (1 eq), phenol 3a (4 eq) and DMAP (4 eq) were refluxed in 
DCM for 2 h under nitrogen atmosphere. After neutralization vsath acetic acid the 
solvent was removed in vacuo and product 6a was purified by RP-HPLC. 

6a MS [M-i-Na]"^ = 620 (K^T^'+Na calculated = 620.3 g/mol) 
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Synthesis of oornpoupds 6b to 6e 




6d R1 = OMe 

General synthesis protocol: se R1 = H 

Carboxylic acid 5a (leq), phenol 3b (1 eq), DIC (1 eq), and DMAP (2 eq) in DMF 

were reacted for Ih at room temperature. After addition of acetic acid (4 eq) the 

resulting carboxylic ester 6c was purified by RP-HPLC. 

6d was S3'nthesized as described above using 5b and 3b as starting materials. 

6b W2LS synthesized as described above using Z-Lys(Boc)-OH and 3b. 

6e was synthesized as described above using 5b and 3 a. 

6b MS |>4-^Na]'' = 928 (MW-^Na calculated - 928.6 g/mol) 
6c MS [M-^Na]" = 864 OiW4-Na calculated = 864.5 g/mol) 
6d MS [M^-Na]^ = 892 (MW-^Na calculated = 892.6 g/moI) 
6e MS [M-fNa]"^ = 862 (MW-^-Na calculated = 862.6 g/mol) 
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SA^tbesis of compounds 7a to 7e 



^1. 



7a 




S-Mmt 



7c 




^, ,v / N ^ — 5-Mmt 

7d R1 = OMe 
7e R1 = H 



General synthesis protocol: 

Alcohol 6a (1 eq), 4-nitrophenyl chloro formate (10 eq), and DIE A (10 eq) were 

stirred in dry dioxane for 5 h at room temperature under nitrogen atmosphere. After 

addition of acetic acid (25 eq) the mixtures were diluted with 7/3 (v/v) 

acetoaitri.le/H20 and the carbonate 7a was purified b}^ RP-HPLC. 

7b5 70. 7d. or 7e were s}Tithesized from 6b, 6c, 6d, or 66, respectively, as described 

above. 



7a MS [M+Na]" = 785 (MW^-Na calculated = 785.5 g/mol) 
7b MS [M-^Ma]" = 1093 (MW-^Na calculated = 1093.7 g/mol) 
7c MS [M-^Na]^ = 1029 (MW-hNa calculated = 1029.6 g/mol) 
7d MS [MH-Naf = 1057 (MW-^Na calculated = 1057.6 g/moI) 
7e MS [M+Na]" = 1027 (K^W-^Na calculated = 1027.6 g/moI) 
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S^oitbesis of oomooiinds 8a to 8c {T\'°^^^'-linker-iaguim') 




8a R4 = H9 
9a R4 = Suc-PEG5k 



eB29 



Insulin 
rh knsuiin 



10 



15 



20 



25 



30 




eB29. 



8b R4 = H 

9b R4 = Suc-PEG5k 



Insulin 



^^^^ 




8c R4 = H 

9c R4 = Suc-PEG5k 



General s>Tithesis protocol: 

Rh-InsuLin in 1/1 (v/v) DMSO/DMF was mixed with a solution of 0.9 eq carbonate 7a 
in DMSO. The resulting solution was adjusted to basic pH with DIE A and stirred for 
1.5 h at RT. RP-HPLC purification gave Mmt-protected intermediate. 

After l\^ophiliz.ation, the Mmt-protected intermediate was mixed with 95:5 (vA') 
TFA/triethylsilane and stirred for 5 min. Volatiles were removed under nitrogen flow 
and 8a was purified by RP-HPLC and lyophiiized. Regioselectivity of insulin 
modification was verified by DTT reduction and MS analysis. 
8b or 8c were synthesized from 7c, or 7d, respectively, as described above. 

8a MS [M^2H]'^ = 3078.9; [M^3H]^^ = 2053.2 [M-f4H] = 1540.6 (MW calculated 
= 6158 g/mol) 

8b MS [M^llTr =3152.9: [M^SWr = 2100.6 [M-^4H] = 1575.8 (MW calculated 
= 6302 g/mol) 

8c MS: [M^SH]^^"" = 21 10.7; [Isi'hAKf^ = 1583.7; [M-f5H]'' = 1266.6 (MW 
calculated = 6330 g/mol) 



Page 45, 



wo 2005/099768 



PCT/EP2005/003061 



Svntbesis of oompoiinds 8d to 8g n\^^^^-Fluorescem-N°^'^'~lialcer-insuIin) 



s329 



Insulin 



aB 



jvjcBzs fluorescein insuiin 




8d R4 = H 
9d R4 = Suc-PEG5k 



S-R4 



10 




eB29 



Insuiin 



Be R4 = H 

9e R4 = Suc-PEG5k 



Sue = succinimtdyl 



S-R4 




e329 



Insulin 



8f R1 = owe, R4 = H 

8g R1 = H, R4 = H 

9f R1 = OMe, R4 = Suc-PEG5k 

9g R1 = K, R4 = Suc-PEG5k 



5-R4 



20 



Synthesis of N^^"^-fluorescem insulin: 

80 mg (13.8 ]imo\) rh-insulin were dissolved in 4 ml 1/1 (v/v) DMF/DMSO and 40 ^1 
DIEA were added. 8 mg (I7 M.mol) 5-(and-6)-carboxyfluorescein succinimidyl ester ^ 
25 were added and the solution was stirred for 30 min at room temperature. 4 ml 5/5/1 
(v/v/v) acetonitrile/water/acetic acid were added, product N^^^^-fluorescein insulin 
was purified by RP-HPLC and lyophilized. The conjugation site was verified by 
reduction of N^^^^-fluorescein insulin with 1 ,4-dithiothreitoL protease digestion and 
MS analysis. 



MS: [M-^2H]-^ = 3084,0: [M-f-SH]^"" = 2054.6 (MW calculated = 6166 g/mol) 
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N^^'^-iluorescein insulin in 1/1 (v/v) DMF/DMSO was mixed with a solution of 0.9 
eq carbonate 7b in DMSO. The resulting solution adjusted to basic pH wi.th 
DIEA and stirred for 3 h at RT. RP-HPLC purification gave Mmt-protected 
intermediate. 

5 After lyophilization. the intermediate was dissolved in 95/5 (v/v) TFA/triethylsilane 
and stirred for 5 min. Volatiles were removed under nitrogen flow and 8d was 
purified by RP-HPLC and lyophiiized. 

Se, Sf, or 8g were syntesized as described abo^^e using 7c. 7d. or 7e. respectively. 

10 SdMS: [M^2Hf^ = 3364.1; i>d-f3Br|'^^ = 2242.7; [M^4Hf ^ = 1 68 1 .5 (IvlW 
calculated = 6724 g/mol) 

8e MS: [M-^SH]^"" = 2219.2 [M-i-4H] ■ " = 1665.9; [M^5Hj^^ = 1332.8 (MW 
calculated = 6660 g/mol) 

8f MS: [M-^SH]-^"" = 2229.7 \M^4K]^^ = 1673.3; [M-^5H]'^ - 1337.7 (MW calculated 
15 = 6689 g/mol) 

8g MS: [M-^3H]-^" - 2218.7 [M-^4K]^^ = 1664.9 (MW calculated = 6659 g/mol) 

Synthesis of compounds 9a to 9g rmono-pegylated insulin compounds) 

70 ul 500 |iM 8a in 1/4 (v/v) acetonitrile/water were mixed with 7 llI 10 mM 
maleimide-PEG5k in 1/4 (v/v) acetonitrile/water and 10 0.5 M sodium phosphate 
buffer pH 7.0 and incubated for 15 min. Compound 9a was purified by SEC (column: 
Superdex 200, flow rate: 0.75 ml/min) using 10 misi HEPES buffer (pH 7.4), 150 mM 
NaCL 3 mM EDTA, and 0.005% Tween as mobile phase. The collected eluate 
(approximately 1.5 ml) was directly used as such for release rate determination. 
95, 9c, 9d5 9e; 9f. or 9g were synthesized as described above from Sb, Sc. 8d, Se, Sf. 
or 8g. respectively. 

30 9a through 9g: SEC retention time: 19.5 min 
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Synthesis of compounds 11a and lib 



5 



HO 



— Br 



llaRl = R2 = Me. 
lib Rl =Me,R2 = H 

10 3.5-Dimeth3''l-4-hydroxy"acetophenone (5.0 mmol) (10a) and CuBro (1.7 g, 7.5 mmol) 
were dissolved in 10 ml ethyl acetate and refluxed for 2 h. Solid bj'products were 
removed by filtration. The filtrate vv^as evaporated and crude product 11a was purified 
by RP-HPLC. 

lib was s>Tithesized fi-om 4-hydroxy-3-methyl-acetophenone (10b) (0.75 g. 5,0 
15 mmol) as described above, 

11a: Yield 754 mg (62%) 

MS [M-fH]" - 243. 1/245. 1 (MW^-^-H calculated = 244. 1 g/mol) 
lib: Yield 533 mg (47%) 
20 MS [M^H]"" = 229.2/23 1 . 1 (MW^-H calculated = 230. 1 g/mol) 

Synthesis of compounds 12a and 12b 



12a Pvl = R2 = Me 
12b Rl = Me, R2 = H 

30 500 mg 11a (2.06 mmol) and 576 mg (4.1 1 mmol) hexamethylenetetramine were 
dissolved in 20 ml of trichloromethane and refluxed for 30 min. The solvent was 
removed in vacuo. 4 ml ethanol and 2 ml of concentrated HCl were added and the 
slurry was heated to 50 °C for 4 h. The mixture was concentrated in vacuo, diluted 
with acetonitrile/water and 12a was purified by RP-HPLC. 



R1 




R2 
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12b was s>nthesi2sd from 472 mg (2.06 mmol) lib as describsd above. 

12a: Yield 547 mg (81%) as TFA-salt 
MS [M+Na]" = 202.2 (MW+Na calculated = 202.2 g/mol) 
5 12b; Yield 455 mg (70%) as TFA-salt 

MS [M+Na]* =188.2 (MW4-Na calculated = 188,2 g/moI) 

S>Tithesis of compound 13 



500 mg (1.71 mmol) 12a (TEA salt) were dissolved in 10 ml 1/1 (v/v) 
15 methanol/water, 129 mg (3.41 ni.moI) NaBH^ were added and the mixture was stirred 
for 30 min at RT. 0.5 ml of acetic acid were added and 13 was piirified by RP-HPLC. 

13: Yield 313 mg (62%) as TFA-salt 
MS [M+Na]"" = 204.2 (MW+Na calculated = 204.2 g/mol) 
20 NMR (300 MHz, DMSO-de) 5[ppm] = 8.25 (s, IH, Phenol), 7.84 (bs, 3H, NH^^ 

6.89 (s, 2H, CHar), 5.85 (d, IH, Hydroxyl, J=3.7 Hz), 4.62 (m, IH, CH.B^nzyd, 2.93 (m, 
IH, CHa), 2.80 (m, IH, CHb), 2. 1 7 (s, 6H, CH3). 

STOthesis of compounds 14a to 14d 
25 Q 



10 





R2 



14a Rl = R2 = Me, R7 = H, R4 = Mmt 



30 14b Rl = R2 = H, R7 = Me, R4 = Mmt 

14c Rl = OMe, R2 = H, R7 = Me, R4 = Mmt 
14d Rl = H, R2 = H, R7 = Me, R4 = Trt 
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13 (TFA salt 159 mg. 0,541 mmol) was coupled to compound 2 as described for 
compound 3a to yield 14a. 

14b. or 14c were synthesized as described above using sjniephrine (335 mg, 2.00 
mmol) or metanephrine (HCl salt 281 mg, 1.20 mmol), respectively. 
Sj'nephrine (335 mg, 2.3 mmol) was coupled to S-tritjisuIfan^'^l-propionic acid as 
described above to jdeld 14d. 



14a: Yield 254 mg (87%) 

MS [M-^-Na]*^ = 564.7 (MW^-Na calculated = 5643 g/mol) 
10 14b: Yield 760 mg (72%) 

MS [M+Na]" = 550.2 (MW^-Na calculated = 5503 g/moI) 
14c: Yield 530 mg (80%) 

MS 1>4+Na]" = 580.4 (MW4-Na calculated = 580.4 g/moI) 
14d: Yield 567 mg (49%) 
15 MS [M+Naf = 520.5 (IvlW-hNa calculated = 520.7 g/moI) 



Synthesis of compounds 15c. 15d and 15f 




General synthesis protocol: 

25 1 g 2-chlorot:it>''l chloride resin (loading 1 .4 mmol/g) was incubated for 1 h with 

N,N'-dimethylpropane-L3-diamine (for synthesis of 15c), or N.N'-diethyl-propane- 
l^-diamine (for synthesis of 15d) or N,N'-dimethyl-ethane-l,2-diamine (4 eq) (for 
synthesis of 15f) in DCM. After washing of the resin with DMF, amines were 
acet34ated with 1/1/2 (v/v/v) acetic anhydride/pyridine/DMF for 14 h. The resin was 

30 washed with THF and dried. LiAlH4 (1 M in THF. 4 eq) was added dropwise to the 
suspended resin in THF. The resulting suspension was stirred for 3 h at 45°C under 
nitrogen atmosphere. After cooling, aqueous Rochelle' s salt solution was added and 
the resin was separated and dried. Compoxxnds were cleaved from resin with 2/1 (v/v) 
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HFIP/DCM (2x30 min). The volatile components wort evaporated and the products 
15c. 15d or 15f were used in the follovsTOg steps without further purification. 

15c MS.[M^Hf = 13L2 (]s^V\' = 130.1 g/mol) 
5 15d MS [M-fH]" = 159.2 (MW = 158.1 g/moI) 
15f MS [M-^H]^ -117.1 (MWs^ =116 g/moI) 

S\^the5is of compounds 16a to 16f and 16i 



o 



10 




16a Rl = R2 = R5 = Me, R6 = 2-(dimethylamLno)etiiyL R7 = H, R4 = Mmt 
16b Rl = OMe, R2 = H, R5 = EL R6 = 2-(diethylaniino>etiiyl, R7 = H, R4 = Mmt 
15 16c Rl = OMe, R2 = H, R5 = Me, R6 = 3-(N-ethyl-N-niethylamino)propyL R7 = Me, 
R4 = Mmt 

16d Rl = R2 = H, R5 = Me, R6 = 3-CN-ethyl-N-methylamino)propyl, R7 = Me, R4 = 
Mmt 

16e Rl = OMe, R2 = H, R5 = Et, R6 = 3-(diethylamino)propyL R7 = Me, R4 = Mmt- 
20 16f Rl = R2 = H, R5 = Et, R6 = 3-(diethylamino)propyl, R7 = Me, R4 = Mmt 
16i Rl = R2 = H, R5 = Et R6 = 2-(diethylamino)ethyl , R7 = Me, R4 = Trt 

14a (120 mg, 0.222 mmo!) was dissolved in L5 ml of dr>^ THF. p-Nitrophenyl- 
chloroformate (45 mg, 0.222 mmol) and DIEA (1 13 uL 0.665 mmol) were added and 
25 the mixture was stirred for 30 min at RT. 15a (N,N,N -trimeth34-ethylene-l ,2- 

diamine) (72 ul, 0.554 mmol) was added and stirring was continued for 30 min. The 
solvent was removed in vacuo, 100 ill of AcOH were added and 16a was purified by 
RP-HPLC. 

•30 16b was synthesized as described above from 3b (80 mg, 0.15 mmol) and 15b 
(N,N,N-triethyl-eth54ene-L2-diamine) (55 mg, 0.38 mmol). 

16c or 16d were synthesized as describe above from 14c (56 mg, 0.1 mmol) or 14b 
(53 mg, 0.1 mmol), respectively, and diamine 15c. 
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16e or 16f were synthesized zs dsscribed above from 14c (56 mg, 0.1 mmol) or 14b, 
respectively, (53 mg, 0.1 mmol) and diamine 15d. 

161 was s>Tithe3ized as described above from 14d (350 mg, 0.7 mjaol) and 15b 
(N,N,N'-triethyl-ethylsne-l,2-diamine) (180 pi, 1 mmol). 

5 

16a: Yieid 120 mg (69%) as TFA salt 

MS [M+Na]" = 692.4 (MVv'4-Na calculated = 692.9 g/mol) 

16b: Yield 48 mg (40%) as TFA salt 

MS pvI+Na]'' = 736.3 (MW+Na calculated = 736.4 g/moI) 
10 16c: Yield 8 mg (10%) as TFA salt 

MS [M+Na]" = 736.4 (MW+Na calculated = 736.4 g/moi) 

16d: Yield 20 mg (25%) as TFA salt 

MS [M+Na]* = 706.3 (MV^'+Na calculated = 706.3 g/moI) 

16e: Yield 2 mg (3%) as TFA salt 
15 MS [M4-Na]" = 764.6 (MW+Na calculated = 764.4 g/moI) 

16f: Yield 6 mg (8%) as TFA salt 

MS [M+Na]" = 734.4 (MW+Na calculated = 734.3 g/mol) 

16i: Yield 152 mg (28%) as TFA salt 

MS Pv-I+Na]" = 690.5 (MW+Na calculated = 690.9 g/mol) 



Synthesis of compound 17 



25 




17 



Amine 12b (TFA salt) was coupled to compound 2 as described for compound 3a. 

30 

17: Yield 608 mg (74%) 

MS [M+Na]"" = 548.3 (MW+Na calculated = 548.7 g/moI) 
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Synthesis of compoimds 18a aad 18b 




18a Rl = R5 = Me, R2 = H, R6 = 3~(dimethylainino)propy] 

ISb Rl = R5 = Kde, R2 = H, R6 = 2-(N-ethyl-N-methyiairiino)eth5d 

383 mg (0.729 mmol) of 17 were reacted with p-nitrophenyl-chloroformate and 
iO N.NjN'-trimethyl -propane- l.S-diamine (15e) or 15f. respectively, to yield 18a or 18b 
as described for compound 16a. 



18a: Yield 287 mg (50%) as TFA salt 
MS [M+Na]^ = 690.7 (MW^Na calculated = 690,9 g/mol) 
35 18b: Yield 148 aig (26%) as TFA salt 

MS [M-hNa]" = 690.9 (MW+Na calculated = 690,9 g/moI) 

Synthesis of coni-pounds 16g and 16h 



o 




16g Rl = R5 = Jv<Ie, R2 = H, R6 = 3-(dimethylamino)propy] 

16h Rl = R5 = !vle, R2 = H, R6 = 2-.(N-ethyl-N-methylaniino)ethyl 

25 

ISa (287 mg, 03 67 mmol, TFA salt) was dissolved in 5 ml methanol NaBHU (41 
mg, 1 .07 mmol) was added and the mixture was stirred for 30 min at RT. 0.5 ml of 
acetic acid were added and 16g was purified by RP-HPLC. 
18b (8 mg. 0.0 10 mmol, TFA salt) was reacted as described above to yield 16h. 

30 

16g: Yield 201 mig (70%) as TFA-salt 

MS |>4^-Na]" - 692.7 (MW-^Na calculated = 692.9 g/mol) 

16h: Yield 6 mg (77%) as TFA-salt 

MS [M+Na]" = 592.7 (MW-^Na calculated = 692.9 g/moI) 
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S^Oitbesis of compoiands 19a to 19i 

O. 



R1 

O V-vx 
5 y-O-fy-i R7 R4 

R6— N >=^ O 

\s 0=< 

19a Rl = R2 = R5 = Me, R6 = 2-(dimethylammo)s±yL R7 = H, R4 = Mmt 
19b Rl = OMe, R2 = H, R5 = Et, R6 = 2-(dieth54amino)ethyU R7 = H, R4 = Mmt 
10 19c Rl = OMe, R2 = H, R5 = Me, R6 = 3-(N-eth5^1-N-methylamino)propyl, R7 = Me, 
R4 = Mmt 

19d Rl = R2 = H, R5 = Me, R6 = 3-(N-ethyl-N-metiiylammo)propyl, R7 = Me, R4 = 
Mmt 

19e Rl = OMe, R2 = H, R5 = Et, R6 = 3-(diethylammo)propyl, R7 = Me, R4 = Mmt 
15 19f Rl = R2 = H, R5 = Et, R6 = 3-(diethylammo)propyl, R7 = Me, R4 = Mmt 
19g Rl = R5 = Me, R2 = H, R6 = 3-(dimethylamino)propyl, R7 = H, R4 = Mmt 
19h Rl = R5 = Me, R2 = H, R6 = 2-(N-ethyl-N-methylamino)ethyl, R7 = H, R4 == 
Mmt 

19i Rl = R2 = H, R5 = Et, R6 = 2-(diethylamino)ethyU R7 = Me, R4 = Trt 

20 

Carbonates 19a to 19i were ss^thesized from 16a to 161, respectively, as described for 
compound 7a. 



19a: Yield 98 mg (72%) as TFA-salt 
25 MS [M-fNa]" = 857. 8 (]S^^'-rNa calculated = 858.0 g/mol) 
19b: Yield 6 mg (1 1 %) as TFA-salt 

MS [M-hNa]" = 901 .8 (MW^Na calculated = 901.5 g/mol) 
19c: Yield 1 mg (15%) as TFA-salt 

MS [M-fNa]" = 901 .4 (MW^Na calculated = 901.5 g/moI) 
30 19d: Yield 8 mg (29%) as TFA-salt 

MS [M-fNa]^ = 871 .4 (MW+Na calculated = 871.4 g/moI) 
19e: Yield 0.3 mg (18%) as TFA-salt 
MS [M^Na]" = 929.4 (MW^Na calculated = 929.5 g/mol) 
19f: Yield 4 mg (45 %) as TFA-salt 
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MS [M-^Na]" = 899.7 (MW-hNa calculated = 899.6 g/mol) 
19g: Yield 6 mg (6%) as TFA-salt 

MS [M^Na]" = 857.8 (MW^Na calculated = 858.0 g/mol) 
19h: Yield 0.8 mg (1 1%) as TFA-salt 
5 MS [M-^Na]^ = 857.7 OT^^H-Na calculated = 858.0 g/moI) 
19i: Yield 77 mg (49%) as TFA-salt 

MS [M-^Na]^ = 856.2 (MW-^Na calculated = 856.0 g/moI) 
10 Synthesis of compounds 20a to 20f 



20a Rl = R2 = R5 = Me, R6 = 2-(diinethylammo)ethyl, R7 = H 
20 20b Rl = OMe, R2 = H, R5 = Et, R6 = 2-(diethylamino)ethyL R7 = H 

20c Rl - OMe, R2 = H, R5 = Me, R6 = 3-(N-etbyl-N-methylamino)propyL R7 = Me 
20d Rl = R2 = H, R5 - Me, R6 = 3-(N-ethLyl-N-methylammo)propyi, R7 = Me 
20e Rl = R5 = Me, R2 = H, R6 = 3-(dimethylamino)propyl, R7 = H 
20f Rl = R5 = Me, R2 = H, R6 = 2-(N-etliyl-N-methylammo)ethyL R7 = H 



Insulin derivatives 20a, 20b5 200. 20d5 20e, or 20f were synthesized from 19a, 19b, 
19c, 19d, 19g5 or 19h respectively, as desc^ribed for compound 8a. 

20a MS [M-^BH]-^^ = 2077.3 [M-^4H]'^^ = 1 559.2 (MW calculated = 623 1 .3 g/mol) 
30 20b MS [M^3H]^" = 2093,0 [M-h4HI^' = 1 569.6 (MW calculated = 6274 g/moI) 
20c MS [M-hSH]""' = 2090.8 [M+4H]'^"' = 1 568.7 (MW calculated = 6274 g/mol) 
20d MS [M^3H]^^ = 2081.3 |>4-f4H]^'" = 1561.8 (MW calculated = 6244 g/mol) 
20e MS [M+SH]^"" = 2077. 1 [M+4H]^^ - 1 558.2 (MW calculated = 623 1 .3 g/moI) 
20f MS [M-i-3H]^^ = 2076.7 [M+4H]^" = 1 559.3 (MW calculated = 6231.3 g/moI) 




25 
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Synthesis of compounds 21a to 2If rmono-pesrsdated insixlin derivatives') 



5 



eB29 



R5 




PEG5K 



10 21a Rl = R2 = R5 = Me, R6 = 2-(dimethylamino)eth3^1, R7 = H 



21b Rl = OMe, R2*= H, R5 = Et R6 = 2-(diethylamLno)ethyl, R7 = H 
21c Rl = OMe, R2 = H, R5 = Me, R6 = 3-(N-ethyl-Kr-methylaiiiino)propyL R7 = Me 
21d Rl = R2 = H, R5 = Me, R6 = 3-(N-ethyl-N-metlxylamino)propyl, R7 = Me 
21e Rl = R5 = Me, R2 = H, R6 = 3-(dimethylamino)propyl, R7 = H 
1 5 21f Rl = R5 = Me, R2 = H, R6 = 2-(N-efhyl-N-meth>4aniino)ethyl, R7 = H 

Insulin derivatives 21a, 21b, 210. 21d, 21e, or 21f were s\Tithesized from compound 
20a, 20h, 2OC5 20d, 20e. or 20f5 respectively, as described for compound 9a. 

20 21a through 21f: SEC retention time: 19.5 min 
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Synthesis of oomDOunds 23a and 23b 



O 




23a Rl = Me, R2 - H 
23b Rl = R2 = Me 

o-Cresol (22a) (1 eq), succinic anhj'dride (1 eq), and AICI3 (3 eq) in nitrobenzene 
were heated to 1 00 °C for 1 h. The reaction mixture was poured on HCl/ioe and 
extracted with ether. The organic layer was extracted witli 1 N NaOH and the aqueous 
layer was acidified with concentrated HCL The aqueous layer was extracted with 
ether and the ether was evaporated. 23a was purified by RJP-HPLC. 
23b was sj'nthesized fi-om 2.6-dimethylphenol (22b) as described above. 

23a: Yield 552 mg (31%) 

MS [M-^Na]"^ = 23 1 .0 (MW+Na calculated = 23 1 .2 g/mo 1) 

NMR (300 MHz, DMSO-dfi) 5[ppm] = 12.05 (bs, IH, CO2H), 10.23 (s, 1 H, phenol 
OH), 7.74 (s, IH, CHar), 7.7 (d, IH, CHar. ^Th,h = 8.4 Hz>, 6,86 (d, IH, CHar, 'Jh3 = 
8.4 Hz), 3.13 (t, 2H, C(0)CH2, 'Jrh = 6.4 Hz), 2,53 (t 2X1, CH2CO2, ^Th,h = 6.4 Hz), 
2.16 (s, 3H, CH3) 
23b: Yield 166 mg(15%) 

MS [M-^Na]*^ = 245,4 (MW-fNa calculated = 245.2 g/mal) 
Synthesis of compound 24 




1.85 g (16.02 ramol) cysteamine hN^drochloride were dissolved in 15 ml of TFA and 
2.47 g (8.01 mmol) MmtCl were added. After stirring the mixture at PvT for 20 m.in 
the solvent was evaporated in vacuo. The residue was dissolved in diethyl ether and 
extracted wath saturated aqueous NaHCOs, IN H2SO4 arxd brine. The solvent was 
evaporated and 24 was purified by RP-HPLC. 
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24: Yield LI 1 g (30%) as TFA salt 
TLC (AcOEt/EtjN 99/1), Rf = 0.24 



Synthesis of compounds 25a and 25b 



5 



HO 




R2 



25a Rl = Me, R2 = H 
10 25bRl=R2 = Me 

23a (leq), HOBt (1.1 eq) and DIG (1 eq) were dissolved in DMF and stirred at RT 
for 30 min. 24 (TFA salt, 1 eq) and DIEA (3 eq) were added and the solution was 
stirred for 60 min. Acetic acid was added and 25a was purified by EJP-HPLC. 
15 25b was synthesized from 23b as described above. 

25a: Yield 552 mg (25%) 

MS [M4-Na]" = 562.7 (MW-hNa calculated = 562.7 g/mol) 
25b: Yield 15mg(40%) 
20 MS [M+Naf = 576.6 (MW4-Na calculated = 576.6 g/moI) 

Synthesis of compounds 26a and 26b 



R5 ^ 

26a Rl = Me, R2 = H, R5 = R6 = 3-(dimethylamino)propyl 
26b Rl = R2 = R5 = Me, R6 = 2-(dimethyiamino)ethyI 

30 267 mg (0.495 mmol) 25a was reacted with p-nitrophenylchloroformate and N-(3- 
dimethylamino-propyl)-N\N'dimeth54-propane-l,3-dia-mine (15g) to yield 26a as 
described for compound 16a. 

26b was synthesiszed as described above using 15 mg 25b andN,T\\lN"'-trimeth54- 
ethane-l,2-diamine (15a). 
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26a: Yield 282 mg (58%) as double TFA salt 
MS [M-^Na]"^ = 775.2 (M:V\'4-Na calculated = 776.0 g/mol) 
26b: Yield 17 mg (70%) as TFA salt 
5 MS [MH-Na]" = 704.5 (MW^Na calculated = 704.6 g/moI) 

Synthesis of compounds 27a and 27b 



R5 

27a Rl = Me, R2 = H, R5 = R6 = 3-(dimethylamLno)propYl 
27b Rl = R2 == R5 = Me, R6 == 2-(dimethylamino)ethyl 

26a (272 mg, 0.277 mmol, double TFA salt) was dissolved in 5 nil methaxioL NaBH4 
(42 mg, 1 .09 mmol) was added and the mixture was stirred for 30 min at IRT. 0.5 ml 
of acetic acid were added and 27a was purified by RP-HPLC. 
Alcohol 27b was synthesized likewise from 26b (17 mg, 25 [irnol, TFA salt). 

27a: Yield 142 mg (52%) as double TFA salt 

MS [M+Na]"" = 777.9 (MW^-Na calculated = 778.0 g/moI) 

27b: Yield 6 mg (40%) as TFA salt 

MS [M-fNal" = 706.5 (MW4-Na calculated = 706.6 g/moI) 
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Synthesis of compounds 2Sa and 28b 




28a Rl = Me, R2 = H, R5 = R6 = 3-(dimethylammo)propyl 
28b Rl == R2 == R5 - Me, R6 = 2-(dimethylamino)ethyl 

10 

Carbonates 28a or 28b were synthesized jfrom 27a or 27b, respectively, as described 
for compound 7a. 



15 28a: Yield I mg(29%) 

MS [M-hNa]" = 942.9 (MW+Na calculated = 943.2 g/mol) 
28b: Yield 1,5 mg(19%) 

MS [M+Na]" = 871.6 (MW+Na calculated = 871.7 g/moI) 



20 Synthesis of compounds 29a and 29b 



^n^.O SH 

25 eB29 j^h. 



^NH cA^ 
Insulin 



cxBI 



29a Rl = Me, R2 = R5 = R6 = 3-(dimethylamino)propyl 
29b Rl = R2 = R5 = Me, R6 = 2-(dimethyiamino)ethyl 



Insulin derivatives 29a or 29b were synthesized from 28a or 2Sb5 respectively, as 
described for compound 8a. 
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29a MS [M+SH]^"^ 2105.8 [M4-4H] = 1580.2 (MW calculated = 6316.4 g/mol) 
29b MS [M+3H]^" = 2081.8 [M^4H] = 1562.4 (MVv' calculated = 6244 g/mol) 

S^^thesis of mono-oegvlated insulin derivatives 30a and 30b 



30a Rl = Me, R2 = R5 = R6 = 3-(dimethylamino)propyl 
30b Rl = R2 = R5 = Me, R6 = 2-(diniethylamino)ethyl 

Insulin derivatives 30a or 30b were synthesized from 29a or 29b5 respectively, as 
described for compound 9a. 

30a and 30b: SEC retention time: 19.5 min 




Insulin 
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10 



!5 



20 



25 



30 



S^oithesis of a polymeric prodrug according to formula la wife an ester-Iinlced 
masking group and a dendritic carrisr (9h^ 
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Synthesis of aompound 31 




31 

31 was obtained according to the standard solid-phase synthesis protocol. The amino 
acids Fmoc-Dpr(Boc)-OH, Fmoc-Dpr(Fmoc)-OH, Fmoc-Dpr(Fmoc)-OH. Fmoc-Ado- 
OH, and Fmoc-Dpr(Fmoc)-OH were coupled to NovaSi^n TG Sieber amide resin. 
After final fmoc removal the resin was agitated with 5 eq maleimidopropionic acid 
and 5 eq DIC in relation to amino groups in DMF for 30 min. 31 was cleaved from 
resin with TFA/TES/water 95/3/2 (v/v/v). After evaporation of solvent, product 31 
was purified by RP-HPLC. 
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MS: [M^H] • = 2494.6 Qs^W caiculatsd = 2495.4 g/mol) 
Sj'nthesis of compound 32 



CONH2 

o 



H H 

o 
o 

H H 



H 



H H 
O 

o 



boc 



■NH H 



Wo, 



9 H H 

H 

o 

O 



boc 



H 



^boc 



32 

Compound 32 was obtained according to the standard solid-phase synthesis protocol. 
5 The amino acids Fmoc-Cys(Mmt)-OH. Fmoc-Dpr(Fmoc)-OH, Fmoc-Dpr(Fmoc)-OH5 
Fmoc-Ado-OH, and Fmoc-Dpr(Fmoc)-OH were coupled to NovaSynTG Sieber amide 
resin. 

After final finoc removal the resin was agitated with 3 eq Boc-aminoxyacetic acid, 3 

eq Die, and 3 eq HOBt in relation to amino groups in DNdF for 30 min. 32 was 
10 cleaved from resin with DCM/TFA/TES 97/1/2 (v/v/v). After addition of 0.8 eq 

P3Tidine in relation to TFA the solvent was evaporated and product 32 was purified 05' 
RP-HPLC. 



MS: [M^H]' = 2688.2 g/mol Qsm^ calculated =2688.8 g/mol) 

15 
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Synthesis of compound 33 



O H 



^ H 




33 



Compound 33 was obtained according to the standard solid-phase synthesis protocol. 
The amino acids Fmoc-Dpr(ivDde)-OH, Fmoc-Dpr(Fmoc)-OH, Fmoc-Dpr(Fmoc)- 
OH, Fmoc-L5's(Fmoc)-OH5 and Fmoc-Ado-OH were coupled to NovaSyn TG Sieber 
amide resin. 

10 After final fmoc removal the resin was agitated with 3 eq 356,9-trioxadeoanoic acid, 3 
eq P3^BOP, and 6 eq DIE A in relation to amino groups in DMF for 60 min. 
To cleave the ivDde protecting group, the resin was treated three times with 2% 
hydrazine in DMF. After washing. 3 eq Fmoc-Ser-OH was coupled with 3eq DIG and 
3 eq HOBt for 30 min. After final fmoc removal resin was washed and the product 

1 5 was cleaved from resin with DCM/TFA/TES 88/1 0/2 (v/v/v). Solvent was evaporated 
and the residue was oxidized vv'ith 10 eq sodium periodate in 3/2 (v/v) 0.1 M sodium 
phosphate pH 7/acetonitrile for 15 min to yield 33, Product 33 was purified by RP- 
HPLC and lyophilized. 
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MS: [M-fH]^ = 3372.1 g/mo! (3372.8 g/mol) 
SjTithesis of compound 34 



H 



H 



O 
H 



o 



o 
o 



15 

o 
o 



O H 



H 



O 

o 



o 

o. 



31 



H 



K 



O 



32 



o 
c 

0 H K 



o 
o 



1^ Lt M 



boc 



^ H H 

" 8 



bDC 
-bo; 



boc 
boc 



1. pH 7 
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6 mg (2.4 umol) of compound 31 were dissolved in 1 ml 2/1 (v/v) acetonitrile/O.l M 
sodium phosphate buffer pH 7 and 65 mg (24.2 jimol) of compound 32 were added. 
5 The solution was stirred at room temperature for 2 h and then the product purified by 
RP-HPLC and lyophilized (jqeld: 45 mg (78%)). 

The lyophilized product (45 mg) was dissolved in 0,5 ml DMF and 10 )-il DIEA were 
added. 5 mg (30)imol) 3-maleimidopropionic acid and 4.7 fil (30 umol) DIG in 150 fxl 
iO D!v>IF were added and the reaction mixture was stirred at room temperature for 20 
min, the product purified by RP-HPLC and lyophilized. 

The lyophilized product was incubated for 1 0 min in 95/5 (v/v) TF A/water and then 
the solvent was removed in a stream of nitrogen. Product 34 was purified by RP- 
15 HPLC and lyophihzed (overall yield for all three steps: 20 mg (47%)). 

MS: 17700 - 18200 (broad peak) (MW calculated = 1 7749 g/mol) 

Synthesis of compound 9h 

20 

L5 mg (225 nmol) 8g and 5 mg (280 nmol) 34 were mixed, dissolved in 300 \i\ 2/1 
(v/v) 0.1 M sodium phosphate buffer pH 7/acetomtrile and incubated for 15 min at 
room temperature. The product was purified by RP-HPLC and lyophilized. (yield 4 
mg, 160 nmoL 70%) 

25 

The lyophilized product was dissolved in 200 ul 0.1 M sodium citrate buffer pH 1.5 
and 69 mg (20.5 jamol) 33 in 200 ul 2/1 (v/v) acetonitrile/sodium citrate buffer pH 1.5 
were added. The mixture was stirred at room temperatore for 24 h and product 9h was 
purified b}' size exclusion chromatography (column: Superdex 200, buffer: 10 mM 
30 HEPES pH 7.4, 0.005% Tween-20, 3mJ\l EDTA, flow rate: 0,75 ml/min) 

SEC elution time: 15 min 
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Synthesis of compound 37a 




250 mg (035 mmol) 2-chlorotrityl chloride resin (loading 1.4 mmol/g) was incubated 
10 for 1.5 h with 308 mg (4 eq., L4 mmol) 4,7 J0-triox:atridecane-l,13-diamine in 4 ml 
DCM to yield 35a. The resin was washed with DCM and dried. 107 mg (0.7 mmol) 
HOBtj 1 10 fxl (0.7 mmol) DIG, and 150 mg (0.9 mmol) 5-formyl salicylic acid in 3 ml 
DMF were added and the resulting suspension was stirred for 1 h at RT to yield 36a. 
After washing with DCM and THF, the resin was sLxspended in 6 ml TEDF and 3 ml (3 
15 mmol) BH3 THF (1 M in THF, 8.5 eq.) were added dropwise. The reaction mixture 
was stirred for 18 h at 45®C under nitrogen atmosptiere. After cooling 4 ml THF, 0.8 
ml DIEA and 1.6 ml MeOH were added successively. 210 mg (0.84 mmol) h (as a 
concentrated THF solution) were added and the suspension was stirred for 1 h. The 
resin was repeatedly washed (three times each) with THF, DMF, MeOH, and DCM. 
20 The dried resin was reacted with 107 mg (0.7 mmol) HOBt, 1 10 \il (0.7 mmol) DIC, 
and 55 .uL (0.9 mmol) AcOH in 3 ml DMF for Ih. After washing of the resin with 
DMF and DCM compound 37a was cleaved jfrom resin with 2/1 (v/v) HFIP/DCM 
(two times for 30 min). The volatile components were evaporated and the product 37a 
was used in the following step without further purification. 

25 

37a: Yield 29 mg (20%) as TP A salt 

MS [M-HNa]" = 421.4 (Is^Vv'-fNa calculated = 421 .5 g/mol) 
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Synthesis of compound 38 




HO 



5 



Mmi-S 



O 



OH 



38 



24 mg (0.06 mmol) 37a, 3 1 mg (0.06 mmol) PyBOP, 32 \xl (0. 1 8 mmol) DEEA, and 
10 23 mg (0.06 mmol) 2 in 0.5 ml DMF were reacted for 50 nxin at room temperature. 
After addition of 50 p.1 acetic acid product 38 was purified by RP-HPLC. 

38: Yield 7mg(15%) 

MS [M+Naf = 781.3 (MW+Na calculated = 781.6 g/mol) 

15 

Synthesis of compound 39 



20 300 mg (0.42 mmol) 2-chlorotrityl chloride resin (loading 1 .4 mmol/g) was incubated 
for 1.5 h with 245 mg (4 eq.. 1.7 mmol) 1,8-diaminooctane in 4 ml DCM to yield 35b. 
The resin was washed with DCM and dried. 107 mg (0.7 mimol) HOBT, 1 10 llI (0.7 
mmol) Die, and 150 mg (0.9 mmol) 5-formyl salicylic acid in 3 ml DMF were added 
and the resulting suspension was stirred for 1 h at RT to >aeld 36b. After washing with 

25 DCM and THF; the resin was suspended in 6 ml THF and 3 ml (3 mmol) BH5 THF (1 
M in THF) were added dropwise. The reaction mixture was stirred for 18 h at 45 °C 
under nitrogen atmosphere. After cooling 4 ml THF, 0.8 ml DIEA and 1.6 ml MeOH 
were added successively. 210 mg (0.84 mmol) I2 (as a concentrated THF solution) 
were added and the suspension was stirred for 1 h. The resin was repeatedly washed 




39 



o 
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(three times each) with THF, DlsdP. MeOH. and DCM. The dried resin was reacted 
witti 107 mg (0.7 mmo!) HOBT, 1 10 ul (0.7 mxnol) DIG, and 55 uL (0.9 mmol) 
AcOH in 3 ml DMF for Ih. After washing of the resin with DMF and DCM 
compoimd 37bj 78 mg (0.39 mmol) p-nitrophenylchloroformate, and 210 ul (1.2 

5 mn:ioI) DIEA in 1/1 (v/v) THF/DCM were reacted for 30 min at RT. The separated 
resin was suspended in 1/1 (v/v) THF/DCM and 210 |li1 (L2 mmol) N,N,N'- 
trinriethylethylendiamine were added. The resulting suspension was stirred for 25 min 
at RT. The resin was separated and washed with DCM. Product 39 was cleaved from 
resin with 2/1 (v/v) HFIP/DCM (two times for 30 min). The volatile components were 

1 0 evaporated and the product 39 was purified by HPLC. 

39: Yield 1 6 mg (8%) as TFA salt 

MS [M+Na]"" = 473.5 (MVv^-fNa calculated = 473.3 g/mol) 



Synthesis of compound 40a 



20 




25 

38 (7 mg. 9 umol) was dissolved in 200 ^1 of dr)' THF'. p-Nitrophenj'lchloroformate 
(2.0 mg. lOfimol) and DIEA (4.4 ul 25 jamol) were added and the mixture was stirred 
for 30 min at RT. N,N,N'-Triethylethylenediamine (15b) (18 ul, 0.1 mmol) was 
added and stirring was continued for 30 min. The solvent was removed in vacuo^ 10 
30 |il of AcOH were added and 40a was purified by RP-HPLC. 

40a: Yield 1 mg (11%) as TFA salt 

MS [M-hNa]^ = 951.1 (MW>Na calculated = 951.8 g/moI) 
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15 mg (33 ^mol) 39, 18 irxg (33 umol) PyBOP, 23 ^1 (0.13 mmol) DIEA, and 13 mg 
(35 fxmol) 2 in 0.5 ml DM.T were reacted for 45 min at room temperature. After 
addition of 50 [il acetic acid product 40 was purified by RP-HPLC. 

40b: Yield 10 mg (37%) as TFA salt 

MS [M-hH]^ - 81 L5 (KlW^+Na calculated =810.5 g/mol) 
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Carbonate 41a or 41b vv^as synthesized from 40a or 40b as described for compound 7a 



41a: Yield 0.4 mg as TFA salt 

MS [M-^Na]^ = 1 1 16.8 CMW-fNa calculated = 1 1 16.9 g/mol) 

41b: Yield 2 mg (16%) as TFA salt 

MS [M+H]^ = 976.8 W calculated = 975.8 g/moI) 
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Synthesis of oompoimd 42 




insuiin 42 
{xB1 2 

Insulin derivative 42 was synthesized fron:x 41b as described for compound 8a. 
42 MS [M+3H]^^ = 2124,5 [>4-f4H] = 1594.6 (MW calculated = 6371 g/mol) 



Synthesis of compouDd 43 



I 




Insulin derivative 43 v^^as sj^nthesized frona 42 as described for compound 9a. 
43: SEC retention time: 18.0 min 
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Maleimide derivatization of polyacr\'lamide based hydrogel (PEG A): 

NH2-PEGA hydrogel beads with 0.4 mmol/g loading and 150-300 um bead size were 
purchased from Novabiochem. 

2.5 g methanol-wet NH2-PEGA-hydrogel (0.4 mirxoyg NH2-loading) w^as weighed 
into a syringe equipped with a polypropylene frit. IMaleimide loading was adjusted b}^ 
acylation employing a mixture of activated maleimidopropionic acid and acetic acid 
as described in the following. The hydrogel was Vv^ashed 5 times with D^^F and 
reacted with 13.5 mg (0.08 mmol) 3 -maleimidopropionic acid, 115.2 fil (1.92 mmol) 
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acetic acid and 3 13 ul (2 mmol) DIG in 4 ml DMF for 30 rtiin. The maleimide 
derivatized hydrogel 44 was washed 1 0 times with DMF aad DCM and fmally with 
acetonitrile. 

30 mg of maleimide derivatized resin 44 (loading 16 ^mol/g) was reacted with 3 mg 
of compound 20b (480 nmol, 1.06 eq) in 600 ul 20/80 (vAO acetonitrile/50 mM 
phosphate buffer (pH 7.4) for 1 0 min to give rh-insulin loaded hydrogel 45. The 
hydrogel 45 was washed 5 times with 50/50 (v/v) acetonitrile/water and three times 
with acetonitrile and dried under vacuum. 

Svnthesis of rh-insulin carbohvdrate-based hvdrogel 46 



NHS-activated "Sepharose 4 Fast Flow'' hydrogel beads (chemically crosslinked 
agarose, crosslinker epichlorhydrin) were purchased from. .A^mersham. 
L5 g ethanol-wet Sepharose hydrogel (150 mg drj^ hydrogel) was weighed into a 
s}Tinge equipped with a polypropylene frit and reacted with. 1 M 4.7,10- 
trioxatridecane-L13-diamine in DMF for 30 min. After 5 Vv^ashing steps with DMF, 
hydrogel was reacted with 8.5 mg (0.05 mmol) 3-maleimidopropionic acid, 57 |al 
(0.95 mmol) acetic acid, 151 mg (1 mmol) HOBt and 158 jxl (1 mmol) DIC in 4 ml 
DMF for 30 min to give maleimide derivatized hydrogel. Tlie hydrogel was washed 
10 times with DMF and fmally with acetonitrile. 



o 




46 
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1.5 mg 8c was dissolved in 25/75 (v/v) acetonitrile/50 wM phosphate buffer pH 7.4 
and reacted with 10.8 mg maleimide derivatized hydrogel for 10 min. The rh-ins-xilin 
loaded hydrogel 46 was washed five times with 50/50 (v/v) acetoiiitrile/water and 
three times with acetonitrile and dried under vacuum. 

Synthesis scheme of Fuorescein-Insulin-rHSA (50) 
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S-Maleimido-propionic acid (92 mg, 0.54 mmol) in 200 jil DMF was reacted with 
Die (78 III, 0.50 mmol) at RT for 15 min. 4,7,1 0-Trioxa-tridecan-l,13-diainine^ (43.5 
jil, 0.20 mmol) was added and the mixture was stirred for 30 min at RT. 
After addition of 800 \i\ 1/4 (v/v) acetic acid/water 47 was purified by RP-HPLC. 

47: Yield 23 mg (22%) 

MS [M-fNa]" = 545.5 (MW-^Na calculated = 545.6 g/mol) 
Swthesis of rHSA-maleimide f48) 

66.5 )Lil 3 mM rHSA solution in 145 mM NaCL 32 mls4 sodium octanoate, 0.0015% 
Tween-80 was mixed with 66.5 \il 0.5 M phosphate buffer pH 7.0. 0.41 mg 
bismaleimide 47 (0.8 umol) were added and the mixture wasTeacted for 15 min at 
RT. Compound 48 was purified by SEC (column: Superdex 200, flow rate: 0.7^5 
ml/min) using 10 wM HEPES buffer pH 7.4, 150 mK4 NaCL 3 mM EDTA, and 
0.005% Tween as mobile phase. (Yield: 2.6 ml 77.5 uM 48) 

SEC retention time: 17.1 min (280 run) 

ESI-MS = 66988 (MW calculated = 66984 g/moI) 

Synthesis of fluorescein-insulin-linJcer-maleimide (49) 

40 III of 2.4 mM bismaleimide 47 in 1/1 (v/v) acetonitrile/water (96 mnol) werre 
mixed with 40 ul 0.5 M sodium borate buffer pH 5.8. 24 nmol 8f in 16.8 fxl 1/1 (v/v) 
acetonitrile/water were added and the mixture was incubated for 10 min at RT-. 5 \x\ 
AcOH were added and 49 was purified by RP-HPLC. 
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ESI-MS = 721 1 (M^' calculated = 721 1 g/mol) 

Synthesis of fluorescein-insuIm-linker-rHSA 50 
a) from 49 and rHSA 
5 b) from 48 and 8f 

a) 

30 ^il of 80 LiM 49 in 1/1 (v/v) acetonitrile/water (2.4 nmol) were mixed with 70 }il 
0.25 M sodium phosphate buffer pH 6.4. 8 jxl 3 mM rHSA in 145 mM NaCl 32 mM 
10 sodium octanoate, 0,0015% Tween-SO, (24 mnol) was added and the mixture was 
incubated at RT for 20 min. 

Compoimd 50 was purified by SEC (column: Superdex 200, flow rate: 0.75 ml/min) 
using 10 mM HEPES buffer pH 7.4, 150 mlvf NaCl, 3 mM EDTA, and 0.005% 
Tween as mobile phase. 

15 

SEC retention time: 17.3 min (500 nm) 

ESI-MS = 73676 (M^^^ calculated = 73673 g/moI) 

b) 

20 SEC eluate of rHSA-maleimide 48 (241 llL 77.5 uM, 18.7 nmol) was mixed with 20 
^1 0.5 M sodium borate buffer pH 5.8. 14 jil 1.41 mJvl 8f (19.6 nmol) in 1/1 (v/v) 
acetonitrile/water were added and the mixture was incubated at RT for 1 0 min, 1 .2 jxl 
48.5 mM 3-maleimido propionic acid (58 nmol) in 1/1 (v/v) acetonitrile/water were 
added and compound 50 was purified by SEC (column: Superdex 200, flow rate: 0.75 

25 ml/min) using 10 mM HEPES buiier pH 7.4, 150 mM NaCi, 3 mM EDTA, and 
0.005% Tween as mobile phase. 

SEC retention time: 17.1 min (500 nm) 

ESI-MS = 73698 (MW calculated = 73673 g/mol) 

30 
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iO 



O 

w 



\ 



/A 



19i 



! 

o 



-SH 



15 



20 



' \ R1 



51a R1 = GLP-1 

51b R1 = Fluor9scein-GLP-1 



48 



Ruorescein-GLP-1 
52 




Suc-Linker-rHSA 




53a R1 = GLP-1 
53b R1 = Fluorescein-GLP-1 



rHSA 



25 



Synthesis of 51a 

GLP(7-36) (sequence: HAEGTFTSDVSSYL.EGQAAKE-FLA WX\^GR-amide) was 
synthesized on Rink-amide resin employing frnoc-strategy (Specialty Peptide 
30 Laboratories, Heidelberg. Germany). N-terminal finoc-protecting group was removed 
and the resin was washed with DCM and dried. 1 1 8 mg resin (0. 1 1 mmol/g, 13.2 
umol) was suspended in a solution of 50 mg 19i (53 |imol) in 750 ^1 dr}' DMSO and 
22.4 (il DIEA, 2. 1 |j,l p3^ridine was added and the mixture was shaken for 48 h at RT. 
After v^^ashing the resin 6 times each with DMF and DCM, cleavage of the peptide 
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from resin and removal of protecting groups was achieved with 96/2/2 (v/v/^0 
TFA/triethylsilane/water. Volatiles vv^ere removed under nitrogen flow and 51a was 
purified by RP-HPLC and lyophilized. 

51a: Yield 4.6 mg (9%) 

MS: [M-hSH]^'' = 1251.0 (MW calculated = 37503 g/mol) 
S\Titbesis of 51b 

Lys28 ivDde side chain protected GLP(7-36) (sequence: 

HAEGTPTSDVSSYLEGQAAKEFIAV^T:VK(ivDde)GR-amide) was synthesized on 
Rink-amide resin employing frnoc-strateg>^ (Specialty Peptide Laboratories, 
Heidelberg, Germany), N-terminal fmoc-protecting group was removed and the resin 
was washed with DCM and dried. 50 mg resin (0.1 1 mmol/g, 5.5 umol) was 
suspended in a solution of 25 mg 19i (26 laniol) in 400 ul dry DMSO and 1 1.2 ul 
DIEA. 1 . 1 jiil pyridine was added and the mixture was shaken for 48 h at RT. After 
washing the resin six times vvdth DMF the ivDde protecting group was cleaved by 
incubating the resin 3 times with 5% hydrazine in DMF for 20 min. Fmoc-8-amino. 
3,6-dioxaoctanoic acid was coupled according to the standard coupling cycle. Fmoc 
protecting group was removed and carboxy-fluorescein was coupled by incubating the 
resin with 8 mg 5-(and-6)-carboxyfluorescein succinimidyl ester and 2 ul DIEA for 
60 min. Resin was washed six times each with DMF and DCM. Cleavage of the 
peptide from resin and removal of protecting groups was achieved with 96/2/2 (v/v/v) 
TFA/triethylsilane/water. Volatiles were removed under nitrogen flow. 51b was used 
for the S3Tithesis of 52 v^dthout further purification. 

MS: [M^SH]'^'' = 1064.3, [M-^IH}^^ = 1418.3 (MW calculated - 4254 g/mol) 
Synthesis of 52 

RaW'' material 51b was dissolved in 500 ul 1/1 (v/v) acetonitrile / 0.25 M sodium 
phosphate pH 7 and 8 mg N,N'-bis(3-maleimidopropion\d)-2-hydroxy-L3- 
propanediamine were added. The solution was stirred at RT for 15 min and 52 was 
purified by RP-HPLC and lyophilized. 

52: Yield: 5.1 mg 

MS |>4+3H]^" = 1 162.8, [M-f2H]^" = 1549.4 (MW calculated = 4645 g/mol) 
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Synthesis of compound 53 a 




o 
\ 



s 



Suc-Unker-HSA 



GLP-1 



53a 



30 ul L57 mM 48 (47 nmol) in 10 mM HEPES buffer pH 7.4, 150 mM NaCl, 3 mM 
EDTA, and 0.005% Tween were mixed with 10 0.5 M sodium phosphate buffer pH 
7.4. A mixture of 2 ^1 DMSO and 12 \il of 6.06 mM 51a (73 runol) in 
water/aoetonitrile 9/1 (v/v) was added and the solution was incubated at RT for 30 
min. 53a was purified by SEC (column: Superdex 200. flow rate: 0.75 ml/min) using 
10 mM phosphate buffer pH 7.4, 150 mM NaCl, and 0.005% Tween as mobile phase, 

SEC retention time: 17.7 min (280 nm) 

ESI-MS == 70745 (MW calculated = 70734 g/mol) 

Synthesis of 53b 



100 ul 3 mM 52 (300 nmol) in 9/1 50 mhi sodium phosphate pH 7.0 / acetonitrile 
were mixed with 100 ul 3 ml\4 HSA (300 nmol) and the solution was incubated at RT 
for 30 min. 53b was purified by SEC (column: Superdex 200, flow rate: 0.75 ml/min) 
using 10 mlv4 HEPES buffer pH 7.4, 150 mM NaCL 3 mM EDTA, and 0,005% 
Tween as mobile phase. 

SEC retention time: 17.7 min (500 nm) 



o 




53b 
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Synthesis of compounds 54a and 54b 




Br 



HO" 



O 



54a Rl = Me 
5 54b Rl = H 

AICI3 (1 .05 eq) was suspended in DCM and 6-bromohexanoic acid chloride (1 eq) 
was added. After stirring at RT for 20 min o-cresol (1 eq) was added and the mixture 
vv^as reacted at RT for 25 min. The reaction mixture was poured into ice water and 
10 extracted with ethyl acetate. The separated organic phase was dried over Na2S04 and 
concentrated in vacuo. Product 54a was purified by silica gel column chromatography 
using heptane/ethyl acetate (4/1) as mobile phase. 

54b was synthesized as described above using 6-bromohexanoic acid chloride and 
phenol. 



54a: Yield 3.7 g (33%) 

MS {M-mt = 285.1 and 287.2 (MW+H calculated = 386.2 g/mol) 
54b: Yield 620 mg (15%) 

MS = 27 1 .2 (MW calculated = 27 1 .0 g/mol) 

20 

Synthesis of compounds 55a and 5Sb 



15 




S 



Trt 



O 



25 



55a Rl = Me 



5Sb Rl = H 
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DBU (105 iiL 701 umol) was added to a solution of bromide 54a (105 mg. 369 )i.moI) 
and tritylthiol (204 mg, 738 umol) in 50 ml dry DMSO. The reaction mixture was 
stirred at RT for 40 min and acidified with 1 N H2SO4. The aqueous layer was 
extracted with ethyl acetate and evaporated. 55a was purified by RP-HPLC. 
5 55b was synthesized according to the same protocol using 54b (1 80 mg. 0.66 mmol). 

55a: Yield 173 mg (97%) 

MS [M-hNa]"^ = 503.6 (M\\''-fNa calculated == 503.7 g/mol) 
55b: Yield 160 mg (85%) 
10 MS [M-i-Na]" = 489.5 (M^\^^-Na calculated = 4893 g/moI) 

Synthesis of compounds 56a and 56b 




15 56a Rl = Me. R2 = R3 = 3-(dimethylamino)propyl, 

56b Rl = H, R2 = Me, R3 = 3-(N-ethyl-N-methylamino)prop5d 

56a was prepared from 55a (9 mg, 19 |J.mol). p-nitrophenyl-chloroformate and bis(3- 
dimethylamino-propyl)amine (21 uL 94 umol) as described for compound 16a. 
20 56b was s>Tithesized from 55b (160 mg, 0.34 mmol). p-nitrophenyl-chloroformate 

and N-ethyl-N,N'dimethyl-l,3-propanediamine (15c) as described for compound 16a. 

56a: Yield 12 mg (70%) as TFA salt 
MS [M-f-Na]" =716.8 (MW-^Na calculated = 717.0 g/mol) 
25 56b: Yield 80 mg (32%) as TFA salt 

MS [M-HNa]" = 645.6 (MW-fNa calculated = 645.4 g/moI) 



30 
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Synthesis of compounds 57a and 57b 




57a Rl = Me, R2 = R3 = 3-dimethylaniino-propyl, 

57b Rl = H, R2 = Me, R3 = 3-(N-ethyl-N-methylamino)propyl 

57a and 57b were s>mthesized from 56a (12 mg^ 13 iimoL double TFA salt) and 56b 
10 (80 mg. 110 umol, TFA salt), respective!}', as described for compound 16g. 

57a: Yield 9 mg (75%) as TFA salt 

MS [M+Na]*^ = 719.0 (MVv^+Na calculated =718.7 g/mol) 
57b: Yield 60 mg (75%) as TFA salt 
1 5 MS [M+Na]"" = 647 .4 (MW+Na calculated = 647.4 g/moI) 



Synthesis of compounds 58a and 58b 




58a Rl = Me, R2 = R3 = 3-(dimethylammo)propyl, 

58b Rl = H, R2 = Me, R3 = 3-(N-ethyl-N-methylamino)propyl 

25 57a (1 eq, 8mg, 9 i-imol), 4-nitrophenyl chloroformate (3.5 eq, 6 mg, 30 ^mol), DIEA 
(6 eq, 9 ul, 52 ^imol), and DMAP (1 eq, 1 mg, 9 |amol) were stirred in 1 ml dry DCM 
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at RT for 45 min under nitrogen atmosphere. The volatiles were evaporated and acetic- 
acid was added. The mi>niire was dissolved in 1/1 (v/v) acetonitrile/water and the 
carbonate 58a was purified by RP-HPLC. 

Carbonate 58b was prepared likewise from 57b (135 mg, 0.18 nimol). 

5 

58a: Yield 7 mg (70%) as TFA salt 

MS [M^Na]"" = 883.8 (MW^Na calculated = 884.1 g/mol) 

58b: Yield 1 10 mg (77%) as TFA salt 

MS [M+Na]^ = 812.4 (MW+Na calculated = 812.5 g/mol) 

10 

Synthesis of compoimd 59 



\ 




15 Rh-Insulin (44.5 mg. 7.7 umol), carbonate 58a (1 eq, 7 mg, 6.4 mmol), DIEA (15 p.1, 
88 umol) and DMAP (1.5 mg, 12 umol) in 0.3 ml DMSO were reacted at RT for .30 
min. The reaction mixture was neutralized with acetic acid and diluted with 1/1 (v/v) 
acetonitrile/water. RP-HPLC purification gave the appropriate Trt-protected 
intermediate. 

20 After lyophilization. the Trt-protected intermediate was mixed vvath 95/5 (v/v) 

TF A/triethylsilane and stirred for 5 min. V olatiles were removed under nitrogen flow 
and 59 was purified by RP-HPLC and lyophilized. Position of insulin modification 
was verified by DTT reduction and MS analysis. 



25 59: MS [M+3H]^" = 2095.5 [M+4H]^'' = 1572.2 (MW calculated = 6288 g/mol) 
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Synthesis of oompound 60 




60 



eB29 1 
Insulin 



Suc-PEG5k 



5 60 was prepared from 59 (0.17 umol) as described for compound 9a. 



60: SEC retention time: 19.5 min 



10 



Synthesis of compound 61 




57b (70 mg, 90 ^imol), DSC (161 mg, 630 umol), DIEA (192 ^LU 1.1 mmol), and 
DMAP (1 1 mg, 90 fimol) were stirred in 1 ml drj' acetonitril at RT for 14 h under 
1 5 nitrogen atmosphere. The volatiles were evaporated and acetic acid was added. The 
mixture was dissolved in 1/1 (v/v) acetonitrile/water and the carbonate 61 was 
purified by RP-HPLC. 



61: Yield 40 mg (51%) as TFA salt 
20 MS [M-J-Na]"" = 788.4 (MW+Na calculated = 788.5 g/mol) 
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Synthesis of comDOUiid 62 




61 (12 mg, 13 .Lxmol) and NPys-Cl (4 mg, 21 |imoI) were stirred in 1 ml DCM at - 
lO^C for 2 h under nitrogen atmosphere. Volatiles v^ere removed under nitrogen flow 
and 62 was purified by RP-HPLC. 

62: Yield 7 mg (65%) as TFA salt 

MS [M-^Na]"" = 700.9 (MWH-Na calculated = 701.4 g/mol) 



Synthesis of compound 63 




0,9 mg desalted rhGH (ProspecTany, Israel, MW 22250 g/mol, 40 nmol) in 200 ^il 50 
mM borate buffer (pH 8.0), 8 ^1 of carbonate 62 in acetonitrile (38 mM, 300 nmol), 
and 40 |al DMSO were reacted at RT for 3 h. The solvent mixture and low molecular 
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weighed oompounds were replaced by water and subsequently b}' acetate buffer (25 
mM, pH 4.2, 0.005% Tween 20) by ultrafiltration using Centricon 5 filter (cutoff 5 
kDa). 8 ul (80 nmol) 10 mM DTT in 25 mM acetate buffer pH 4.2, 0.005% Tween 
was added and incubated at RT for 30 min. Low molecular weight compounds were 
removed by ultrafiltration using Centricon 5 filter and 25 mM acetate buffer pH 4.2. 
0.005% Tween as eluate. After concentration to a volume of 100 \i\ (Centricon 5) 20 
ul (lOO nmol) 5 mM maleimide-PEG5k in water and 80 ul 0.5 M phosphate buffer pH 
7.0 were added. The mixture was incubated at RT for 5 min. Monoconjugate 63 w^as 
separated by SEC (column: Superdex 200, flow rate: 0.75 ml/min) using 1 0 mM 
phosphate buffer pH 7.4, 150 mM NaCl, and 0.005% Tween 20 as mobile phase. The 
collected eluate (approximately LO ml) was diluted with 0.5 ml buffer containing 
0.05%> NaNs and directly used for release rate determination. 

63: SEC retention time: 17.5 min 

Release of insulin or fjuorescein-insulin from conjugates in buffer pH 7.4 

Release of (fluorescein)-insulin from (fluorescein)-insulin conjugates 9a to Ph, 21a to 
21f, 30a, 30b. 43, 50, and 60. release of fluorescein-GLP- 1 from 535, and release of 
rhGH from 63 was effected by linker hydrolysis in aqueous buffer pH 7.4. Collected 
SEC eluates of (fluorescein)-insulin conjugates (see above), fluoresoein~GLP-l 
conjugate and rhGH-conjugate, respectively^ were incubated at 37 °C and samples 
were taken at time inten^als and analyzed by RP-HPLC (insulin conjugates) or SEC 
(rhGH conjugate, fluorescein insulin conjugates and fluorescein-GLP-1 conjugate) 
and UV detection at 215 or 280 nm or VTS detection at 50O nm. Peaks correlating 
with the retention time of native insulin, fluorescein-insulin, fluorescein-GLP-1, and 
rhGH, respectively, were integrated and plotted against incubation time, and cun-^e- 
fitting sofnvare was applied to estimate the corresponding halftime of release. 

Release of insulin from hvdrogel conjugates 45 and 46 

4 mg of 45 or 2 mg 46 were weighed into a test tube and incubated with 1 ml 10 mM 
HEPES buffer pH 7.4, 150 mM NaCL 0.005% Tween at 37^C. 45 fil samples were 
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taken at different time inten'als and quantitatively anal3^zed for rh-rnsulin by a EJP- 
HPLC assay. The rh-insulin peaks were integrated and rh-insulin concentration was 
obtained from a standard cun^e. A first order release kinetic was fitted to the data 
points to give the linker half life. 

MS-analvsis of released insulin from, compound 9a. 9b and 30a 

Samples of buffer released insulin (see above) were analyzed by mass spectrometr>'. 
Figure 1 i shows the mass spectra of released insulin from compound 9a, 9bj and 30a. 
The mass spectrum of insulin released from compound 9a clearly shows a major side 
product (indicated by arrows), corresponding to the irreversibly pentanoyl-modified 
insulin. In tliis case, removal of the pentano}^ masking goup was not by hydrolysis 
but by acyl transfer to the insulin. The mass spectrum of insulin released from 
compound 9b and 30a shows no modification. 

Release of fluorescein-insulin from conjugate 9d and 9e in 80% human plasma 

Release of fluorescein-insulin from 9d or 9e was effected by hydrolysis in 80% 
human plasma in 20 mM HEPES pH 7,4 at 37 °C. Samples were taken at time 
interx'als and analyzed by SEC and VIS detection at 500 nm. Peaks correlating with 
the retention time of fluorescein-insulin were integrated and plotted against incubation 
time, and curve-fitting software was applied to estimate the corresponding halftime of 
release. 



Table: Polymeric prodrug hydrol3'sis 



compound 


ti/2 buffer pH 7.4 


ti/2 human plasma 


9a 


40 h 


nd 


9b 


55 h 


nd 


9c 


4.5 d 


nd 


9d 


7 h 


4h 


9e 


55 h 


30 h 


9f 


90 h 


nd 


9g 


37 h 


nd 
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9h 


88 h 


nd 


21a 


64 d 


nd 


21b 


8 d 


nd 


21c 


52 d 


nd 


21d 


29 d 


nd 


21e 


100 d 


nd 


21f 


83 h 


nd 


30a 


17d 


nd 


30b 


>70d 


nd 


43 


4h 


nd 


45 


7d 


nd 


46 


4d 


nd 


50 


57 h 


nd 


53b 


19 h 


nd 


60 


10 d 


nd 


63 


51 d 


nd 



nd = not determined 



The foregoing is considered illustrative of the principles of the invention and since 
nnnierous modifications will occur to those skilled in the art, it is not intended to limit 
the invention to the e>cact construction and operation described. All suitable 
modifications and eqiaivalents fall vv^ithin the scope of the claims. 
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Abbreviations: 

3oc 

DBU 

DCM 
5 (iv)Dde 

Die 

DIEA 

DMAP 

DMF 
10 DMSO 

Dpr 

DSC 

EDTA 

Et 

15 eq 
fmoc 

Fmoc-Ado-OH 
HFIP 

HEPES 
20 HOBt 

LCMS 

Mai 

Me 

Mmt 
25 MS 

MW 

Npys 

PvBOP 

30 rHSA 
rhQH 
RP-HPLC 
RT 
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t-buty 1 oxy carbony 1 
l,3-diazabicyclo[5.4.0]uBdeceiie 
dichiorom ethaae 

1 -(4,4-diirt ethyI-2, 6-dioxo-c.yclohex54idsn)3-niethyUbutyl 

diisopropylcarbodiimide 

diisopropylethyiamine 

dimettiylamino-pyridine 

N,N-dimst:hylformamide 

diineth34stalfoxide 

diaminopropionic acid 

disuccinidylcarbonate 

ethylenedi aminetetraacetic acid 

ethyl 

stoichiometric equivalent 
9-fluorenylmethoxycarbonyl 
Fmoc-8-amino-3,6-dioxaoctanoic acid 
hexafluora isopropanol 

N-(2-hydroxyethyl) piperazine-N'-(2-ethaiiesulfoiiic acid) 

N-hydroxxbenzotriazole 

mass spectxometry-coupled liquid chromatograph}' 

mal eimi dapropi ony 1 

methj^l 

4-methoxyixit}d 
mass spectirum 
molecular mass 
3-nitro-2-pyridinesulfenyI 

benzotriazole- 1 -^^l-oxy-tris-pyrrolidino-phosphonium 

hexafiuorophosphate 

recombinant human serum albumin 

recombinant human grov^'th hormone 

reversed-phase high performance liquid chromatography 

room temperature 
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SEC size exclusion chroraatographj' 

Sue succinimidopropionyl 

TES triethylsilane 

TFA txifiuoroacetic acid 

THF tetrahydrofurane 

UV ultraviolet 
visual 

Z benzj'loxycarbonyl 
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